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POPULAR SCIENCE EEVIEW. 



ON THE MICROSCOPICAL STEUCTUKE OF ROOKStl 



I 



Br ™b Rbf. J. MAGENS MELLO, M.A,, F.a.3., 
r TKB DGBBrsHiBS KicaoscopiCAL HOOiETr. 



[PLATES CXVI. & CXVU.] 



I. 



SINCE the day when Ehrenberg, by means of the microscope, 
proved that certain rocks were almost entirely composed 
of the siliceous valves of minute organisms, little was done 
until very recently in the way of a systematic use of that instru- 
ment to solve the mysteries of geological science. And yet it 
^ands to reason that there must be very much that is hidden 
> the eye in the minuter structure of rocks and minerals, that 
iiigbt be detected by means of the microscope, and which 
'night throw a very considerable light upon the origin and 
history of such rocks and minerals ; much that might tell a 
woodrotie atory of the various forces that have been at work i 
boildiog up the materials of which our earth is composed. 
Little, however, has been done in this country in such inquiries 
that has been made public. Besides two papers, one published 
aa long ago as 1858 by Mr. Sorby, " On the Microscopic Cba- 
aeter of some Crystals,"* and another on " The Microscope in 
6«6l<^," nine years later, by Mr. David Forbes,t there is, as far 
u I am aware, no additional information to be obtained upon 
the subject in our language, except such as may be gleaned irom 
occasional papers in the " Journal of the Geological Society," the 
"Geological Magazine," and one or two other scientific periodi- 

• " Joiun. Qeol, 8oc.," vol, xii. t Por. Sc. Bev., vol vi. 
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caJs, by ProfeBBor Hull, Mr, Samuel Allport — to whose kindness 
in allowing me to inspect his valuable collection of rock sections 
I am much indebted — Professor Geikie, and one or two other 
eminent geologists, who have recognised the value of the micro- 
scope in their investigations. The papers to which I allude 
being merely descriptive of certain rocks, mostly igneous, pr&- 
supposee a certain amount of knowledge of the subject on the 
part of the reader. The Oennans are ahead of us in these 
inquiries, and they have recently published one or two im- 
portant works on the subject.* 

In the present paper I purpose showing, as far as the little 
knowledge I have been able to acquire will enable me, how 
much may be done with the microscope in miravelling the 
mysteries of rock structure, trusting that other observers may 
be stimulated to enter upon this n^lected but wide and moet 
fascinating field of study. 

To the diligent student there is no rock that will not, on 
sufficient examination, tell something of its history. The 
coarsest rocks reveal part of their history to the unaided eye, 
and the most trivial inspection tells us at once that a conglome- 
rate or a grit must have assumed its present condition through 
the agency of water ; it is the same with most sandstones, clays, 
and shales. The life-history, too, of such rocks, as well as of 
the generality of limestones, is told in a similar manner by their 
fossil contents, which are usually large enough to be seen with- 
out any instrumental aid. But when you would inquire further, 
when you would learn the previous history of the componeufc 
parts of such rocks, the eye alone can leam but little. Here, 
then, comes in the use of the microscope, which will find a 
history written in the minutest chip or grain taken from any 
given rock. By its means you may also leam whether a rock 
whose stmctiu'e is too minute to be understood without it, is to 
be classed amongst the igneous or the aqueous series. Yoa 
may leam whether such a rock owes its origin to igneous 
fluidity or to sublimation ; whether it has been deposited as a 
sediment from water, or crystallised from that fluid at a more 
or less high temperature; whether it has been subjected to all 
three agencies, igneous fluidity, sublimation, and heated water, 
at once or successively ; and even something may be leamt aa 
to the amount of heat and presBure it must have undergone in 
the course of its formation. Again, the microscope will serve 

* " Untersuchuu^ei) illier dja milirosaipiKlie ZuBamnjeuaetzung der 
BoMltgesteine," by F. Z:rkt-1; Bonn, 1870. "MikroBCopiscfae Beschofi'enbMt 
der Mineralien and Oeaieme," by F. Zirkel, 187^. "Uikroscoidsche Pby- 
uograpbie der petrographiach wichtigen MiueridieD," bj H. HoaeobuBcli ; 
Stuttgart, 1873. 









v ^^ , 






ON THE UIOBOSCOPIOAL STBDCIDBE Of BOOKS. 3 

to show nuDute organisms, such as foTaminifera, diatomaceEe, or 
fiiint vegetable traces in locks in which without ita help nothing 
can be detected. For the purposes of examination we may 
consider the rocks as divided into the two great classes, igneous 
and aqueous. It is often difficult to distinguish between some 
of these without the microscope. There are some fine-grained 
sandstones that to the eje might at first appear little different 
from some of the rocks of igneous origin, and vice versa ; and 
even a chemical analysis will sometimes fail to show the differ- 
ence. But subject a thin section or even splinter of such a 
rock to the microscope and the diflSculty vanishes. The broken 
and often water-worn fragment« of the aqueous rock, derived, it 
nay be, in the first instance, from the breaking up of igneous 
locks, will at once reveal its origin. 

The igneous rocks are those which have most engaged the 
attention of the microscopist ; the variations of structure, the 
great variety of minerals composing them, and the great intu- 
it attached to their history, give them a pre-eminent place in 
estimation, and this the more especially as from their waste 
decomposition the bulk of the other rocks have been de- 

■ ^[neous rocks are for the most part crystalline in their struo- 
i, although we must at the same time remember that many 
'line rocks, or portions of rocks, have been formed di- 
ctly from watery solution. Gypsum, calcite, rock salt, and 
e forms of quartz are examples of such. But in all such 
), those that have been thus formed from water may be 
idily distinguished from those which own a fiery birth, by 
B of the microscope. In his valuable paper " On the Mi- 
copic Character of some Crystals," Mr. Sorby calls particular 
mtion to certain minute cavities, almost invariably to be 
1 in even the smallest crystals, and he shows how these j 
x>pio cavities are the key to the history of the crystal. J 
J cavities he divides into foiu: classes — water, gas, stone, I 
H glara cavities. Water or fluid cavities may often be seen in ' 

1, and they generally contain a minute bubble, owing to 
I contraction of the liquid when cooled. When these bubbles 
a to move, as they frequently do, we are at once furnished 
3. proof that the cavity contains a liquid. The difference 
peen full fluid cavities and those containing only air or gas 
irked, the former being nearly invisible by reflected light, 
B latter shining brilliantly ; with transmitted light, these have 
*o a yiiry broad dark outline, A cavity containing an immov- 
'We bubble or bubbles is probably a glass cavity, and the but- 
'ing zone of a glass cavity is also wider than that of a flttid 
; the bright central spot seen with a particular adjust- Jl 
lit of tbe focus is, in the case of spheroidal bubbles, relatively^ 
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Dearly twice as hige in fluid c«nties as id glass cavitiea 
Cavities which are fiUed with crystals are called alone caviti© 
From a most careful series of experiments, Mr. Sorby sla 
arrives at the following leading conclusions : — 

1. Crystals possessing only canties containing wat«T,moTe<] 
less 8atarat«d with various salts, were formed by being depoeite 
irom solution in water. 

2. Crystals containing only glass or stone cavities ' 
formed by being deposited ftom a substance in the state e 
igneous fusion. 

3. Crystals containing only gas cavities were formed by 8 
Umation, or by the solidification of a fused bomogeneoD 
substance, unless they are fluid cavities that have lost all 1' 
fluid. 

4. Crystals possessing fluid caWtiea, containing a variaU 
amount of crystals, and gradually passing into gas cavities, we 
formed under the alternate presence of the liquid and a gas. 

5. Ciystals in which are found both caritiea containin 
water, and cavities containing glaae or stone, were formed iindt 
great pressure by the combined action of igneous fusion i 
water. 

6. Crystals having these two last-mentioned characters com 
bined were formed, under great pressure, by the united a 
of igneous fusion, aqueous solution, and gaseous sublimation. 

7. Other circiunstances being the same^ crystals containui 
few ca\'itie3 were formed more slowly than those contaimi 
more- 
Turning now to the application of these principles, it will I 

once be seen what a light they can throw upon the origin of n 
particular cryxtal. By a knowledge of them, we are enable 
for instance, to class the calcite, so frequently crystalliBcd 
veins in limestone, with water-formed minerals ; we can do tf 
same with gypsimi, rock salt, and many other minerals ; we ts 
prove that some varieties of quartz have been formed diredti 
from a watery solution. Such forms of quartz as chalcedony, t' 
various forms of agate and jasper, and siliceous sinter nxe 
a[}ueous origin. Again, we might meet with a specimen of qutf 
containing water cavities, in which are found cubic crysUda 
Bodic chloride, &c., and, together with these, gaa cavities, Sa 
quartz is met with in Cornwall and elsewhere, and we maT oo 
elude that it has been " formed above the sur&ce of a hot liqui 
and exposed alternately to water and air." On the other has 
rake such a rock as the pitchstone of Arran or the trap of t 
carboniferous period, and a microscopic examination will at on 
show that the cavities of such are of the glass or stone kii 
with occasional gas cavities, and we are justitied in pronounof 
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Ricb a rock to be of purely igneous origin. All the old trap- 
pean rocks, the more recent basalts and pit-chstones, modem 
trachytes and lavas, are all of them found to agree in character ; 
and by the nature of the cavities alone, which are revealed by 
the microscope, in their component crystals, they are proved to 
have had a common origin from a state of igneous fusion. 

Occasionally we find in some of these rocks large cavities, 
that have been filled up with zeolites and with calcite, and in 
these are found water cavities, but no stone or gas cavities ; and 
the conclusion thence arrived at is, that the rock has been ex- 
posed to water since its first formation, and its larger cavities 
have been filled up by deposits held in solution by that water. 

Mr. k^orby has called attention to certain blocks ejected &om 
Vesuvius during eniption, which differ from the lavas in con- 
taining many minerals not found in these latter. Amongst 
these blocks are some of limestone, which has been torn from 
the strata throiigh which the volcano has burst, and in the 
minerals enclosed in these blocks are found many fluid and gas 
cavities, as well as stone and glass cavities ; and this, taken in 
combination with certain experiments connected with the 
nature and fusibility of the contents of some of these cavities, 
leads to the supposition that the crystals of the ejected blocks 
were produced at a red heat in the presence of melted stony 
matter, gases, vapours, and liquid water, saturated with various 
aaHs,80 that fusion, sublimation, and solution all had a share in 
tlieir formation. An examination of granitic rocks reveals a 
I tbuctare having some features closely analogous to that of these 
t'lncks from Vesuvius. The quartz of these granites ia seen to 

■itain ca\ities of all sorts, fluid, stone, and gas ; and this seems 

■ L-how very clearly that the rocks of the granitic series of all 

■ i^'.'s originated in a similar manner, that they also were de- 
■luped "by the combined influence of a dull red heat, liquid 
'.iU;r, and partially melted rock," or, in other words, "igneoud 
"M')n, aqueous solution, and gaseous sublimation." 

riie quartz and other minerals so olten found in mineral 
lUfi would appear to have been deposited in fissures, up which 
'"" highly healed water containing them in solution was driven 

■ V Die heat from below, and in which on its cooling they would 
''■i:rystallised. 

II. 

We will turn now to another branch of our subject, and 
rjotice, in the nest place, how much help is afforded by the 
'iiieroflcope in determining the nature of the niiuefi'ids com- 
; '-ing rock masses ; minerals often present, either in such small 
:.:ititities or in such minute forme that the eye alone is insuffi- 
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cient to recognise tliem. It can, however, be shown that 
microscopical structure of most minerals will afford characteristic 
marks by which they may Ijf readily known. Even in the case 
of transparent, colourless minerals like rock crystal (quartz), 
sanidine, leucite, &c., when the microscopical appearance 
nearly identical, " their optical properties, and the use of pola< 
rised light, afford the means of distinguishing between them 
with certainty ; as also in the event of one substance being 
present under two fomisi, as calcite from aragonite, monoclinii 
from triclinic, felspars, Ac." (Forbes). Many rocks have Buch i 
minute, close-grained Btructure, that without the microscope it 
is impossible to learn anything of their composition ; but 
soon as we have learnt the characteristic appearance of varions 
minerals in their microscopical forms, we have at once tha 
power to unravel the details of the structure, and the histoiy of 
the finest-grained rocks, be they slates or basalts, or any analo- 
gous forms. The microscope, for instance, it has been well' 
pointed out, will enable us easily to distinguish between a 
diorit« and a dolerite : the hornblende of the former, as soon as 
we know the microscopical behaviour of that mineral, cannot 
possibly be mistaken for the angite, which replaces the horn- 
blende in a dolerite. 

Again, the microscope shows us how closely allied are th« 
older volcanic rocks, the so-called trappean rocks of palEeozoic 
date, the tertiary anamesites and basalts, and the products 
still active volcanoes. Certain common structures are seen to 
prevail throughout them all. We may, for instance, 
one specimen of dolerite " a close network of crystals in actual 
contact without any inten^ening cement ; in another we 
meet with a vitreous or semi-vitreous base, in which the crystajt 
are embedded ; in a third there may be a mass of very minute 
crystals, amongst which larger ones are porphyritically 
bedded."* 

These varieties of stnictiure are cliaract eristic of similai 
rocks, whether dating from the earliest period of igneous aotioi 
with which we are acquainted on our globe, or ejected in cm 
own times from some volcanic vent. When the structvire of i 
rock, whether crystalline, or vitreous, or otherwise, has 
determined, we are furnished with a key which will help xis 
open the secrets of the mode of formation, and the origin of the 
rock itaelf. 

Turning now ta the minute examination of rock structare^ 
let us look at some of the peculiarities of the igneous rocka 
Before doing this, however, it may be well to have before 
rough outline of the general characters of these rocks, and 

• 8. AUport, F.0.8. 
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this pass to tbeir minuter structure, and to the distingutsbing 
microacopical characteristics of the principal inineralB entering 
into their composition.. The igneous rocks are divided into two 
great classes, the acid and tlie basic, the former containing a 
much higher percenti^ of silica than the latter. *' The former 
class is also sometimes known as the felspatbic, orthoclastic, op 
trachytic series, and the latter as the augitic, plagioclaatic, or 
basaltic." To these two divisions must be added an interme- 
diate one, consisting of rocks forming intnwive masseB, | 
dykes, &c. I 

The principal rocks in the acid series are, first, the crystal- 
line, granites, felsites, and felstones. The granites, consisting 
of quarts, oTthocisBe and oligoclase, /eiapars and mica, which is 
often replaced gradually in masses by hornblende, when the 
rock becomes syenitic. In these granites we may meet with 
various adventitious minerals, such as pyrites, marcasite, chalco- 
pyrit#, garnet, apatite, and epidote, &c. Felsites and felstones 
are rocks very various in colour, composed of felspar and quartz, 
together with some easily decomposable mineral, which takes 
the place of the mica or hornblende of the granites. The 
granitic form of felsite is called eiirite ; the compact varieties 
are known as felstones. The second class of rocks in the acid 
series is the glassy; the representatives are pitchstone and 
obsidian. The basio rocks also consist, first, of crystalline 
forms, the cliief being gabbro, dolerite, anamesite, and basalt. 
Qahbro is composed of plagioclase felspar, frequently labrado- 
rite ; diaUage, or some other pyrosenic mineral, such as hyper- 
Gthene, or augite, and olivine. Amongst the adventitious 
minerals are magnetite, pyrites, marcasite, chalcopyrite, hiotite, 
garnet, apatite, epidote, serpentine chlorite, nepheline, leucite, 
nosean, &q. When the diallage is replaced by augite, and the 
rock is granular, it is called dolerite ; finer grained varieties are 
aaamesite and basalt. The glassy form of basic rocks is known 
u tachylite. 

Amongst the intermediate series of rocks which so frequently 
form intrusive masses or dykes we find diorite, composed prin- 
cipally of felspar and hornblende, and syenite ; porphyrite and 
^ODolite are lavaa which may also be classed with these. We 
may now turn to the structure of these rocks. We frequently 
find in them a \'itreouB or glassy base, enclosing crystalline 
Biinerals ; such a glass appears on a large scale in obsidian and 
in the pitcbstones. A glass under the microscope presents to 
<mr view a perfectly structureless character, which possesses no 
trace of that double re&action when the polarisoope is used, 
which is characteristic of all crystals except those of the cubic 
system, and therefore it is always dark between crossed prisms. 
" FeLsf^ may appear dark at the same time, hut if the polariser 
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is rotated a. few degrees, and the prisms again crossed by 
moving the analyser, the felspar transmita light." Thus it ' 
shown that a felsitic base, that at the first glance may appear 
glasBy, will exhibit double refraction. When polarised it will 
break up as the prisma are rotated into variously-coloured little 
patches, which gradually assume a more definite form as the 
axes approach a right angle. In that position it appears as a 
granular compound of crystalline firagments, amongst which are 
a few more or less perfect ciystula. It has evidently been coo- 
Bolidat«d whilst undergoing crystallisation. We meet with tlua 
kind of base in felsites, porphyrites, &c. The quartz of granite 
might also at first glance be mistaken frequently for a glassy 
base, as it is found without any crystalline fonn, enveloping all 
the other minerals. It is seen to be structureless under the 
microscope, and containing mmierous fluid and other cavities. 
But directly it ia examined with polarised light, the rotation of 
the analyser produces a gorgeous display of colours, broken into 
irregular patches, refracting different tints. Some of the 
patches show round their edges parallel wavy bauds of colonr, 
marking out the individuality of the patches, and showing tha 
manner in which its constituent particles consolidated in inde- 
pendent masses." 

I will now endeavour to point out some of the chief di» 
tinguishiug marks by which we may recognise the microscopii 
forms of the minerals ordinarily met with in these igneoufl 
rocks. The rock to lie examined may be either a granite or 
dolerite of the carlioniferous period, or a more recent trachyte, 
or a modern lava, and such a rock may contain as its most fn 
quent constituenta three or four or more of the following mini 
rale: quartz, felspar of various species, mica, homblendei 
augite, epidote, olivine, leucite, nepheline, apatite, chlorite 
noaean, schorl, calcite, as well as some others not quite 
common. We must, of course, have our specimen which is 
be examined cut suiEciently thin to be trausparent, and i 
must study it both with ordinary and with polarised light 
We shall see that some minerals present appearances which ax\ 
perfectly recognisable in ordinary light, but for the distinctioi 
of the greater number of microscopical minerals the use of thi 
polariscope cannot well be dispensed with. And here a word 
may be said as to the practical use of this instrument. It wi 
enable ua readily to distinguish between single aud double r« 
fi-acting substances ; minerals, for instance, of the cubic frotn 
those of other systems. Alt who have made any use of th( 
polariscope know that when the prisms are crossed the field be- 
comes dark, the polarised beam being unable to pass. Now, i 

• a AUport, F.G.S. 
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6 interpose a single refracting body between the prisms, we 
shall find that the field is still dark, or, in the case of certain 
cryetalK, illuminated only in a feeble but peculiar manner, 
saggesting a laminated striictm-e in these crystals, which 

Biot has called " lamellar polarisation," and striking in- , 

stances of which aie proBented by leucite and boracite." On the I 

other hand, all double-refracting minerals between the crossed I 

prisms allow the light to pass to the eye, and it is seen to ha | 

variously coloured, according to the thickness of the specimen I 

under examination. There is, however, an exception to be I 

borne in mind — viz. that sections of crystals cut at right angles ^ 

to the optical aiis have no double refraction in that direction, I 

and therefore remain dark between crossed prisms. In the case I 

of compound crystalline bodies, where in ordinary light we seem J 

to have but a homogeneoiiB substance, the polariscope will at I 

once resolve it into its constituent parts, each being di&- I 

tinguiabed sharply by its colour from its neighbours, showing, J 

to use the convenient German term, "aggregate polarisation." J 

We may now proceed to the microscopic appearances of the I 

various minerals.t Let us begin with those most commonly met | 

with, and first — QuaH3, I have already had occasion to notice I 
the appearance of quartz when it occurs as a base, but we very 
frequently meet with this mineral distinctly crystallised ; some- 

timeg the crystals are large and porphyritically embedded in a ' 
felspathic matrix. Such crystals may be at once known by 
their form, and by the magnificent unbroken colours they dis- 
play when polarised light is used. Tiie peculiar concentric 
bordering of brilliant colours round a single coloured centre, 

mentioned in speaking of a quartz base, is very characteristic i 

of this mineral whenever it is met with without any distinct I 

crystalline form, and is owing to the decreasing thickness of the I 

individual masses aroimd their edges. Cavities of all sorts are I 

abundant in quartz. I 

Felspar. — The various species of felspar present striking ] 

differences when examined microscopically, and the monoclinio 1 

fonns are readily distinguished from the triclinic, as sanidine I 

and orthoclase from plagioclase and labradorite. I 

Sanidine. — Sanidine is usually seen, in thin sections, either I 

well crystallised or in crystalline grains and fragments ; ita | 

forms when perfectly crystallised are various but characterJBtio. 1 

Sanidine is generally very pure and transparent, though occa- ' 
Bionally it encloses other luinerals, such as plagioclase, nephe- 

* In tlie ense of BoTacitc this lomelkr pnlorisntion hna been cnni«idereii to 
be owing tn inttrpoaed lamina of a double-refracting subalnnce, alij^btly dif- 
feiiog from it in cliemicRl cotnpositino, nhich M. Volger has called para-xite. ^ 

t Authorities, RoBeobusch, Zirkal, &c. I 
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line, nosean, leucite, liombleaile, aii^te, und mag^ietite. Long 
needle-shaped crjstok (belonit^s) are sometimes common L 
Broken eanidines are oft«it found enclosed in a Iradiytic I 
and from their presence we can gather that they were already 
formed whilst the mineral mass was in motion, and thus got 
broken. 

Orthoclase. — Orthoclase, wliilat presenting nearly gimilaT 
crjfstalline forma to those of sanidine, differs from it in I ' _ 
very seldom clear. It is a utniol component of gnmitea and 
porphyries, as well as of other igneous rocks. The Sesh-coloured 
crystals so common in some granites belong to the orthoclaae 
eeries. ^^'hen polarised, orthoclase often nibows a remarkable 
irregular, band«l structure, the bands being interrupted, and 
crossed by other bands at, right angles to tlie former, and having 
a grating-like appearance. In some cases these are seen with S 
high power to be caused by an infinity of c«lls or tubes p 
trating the crystal in two directions, coincident with the plaiue 
of cleavage ; sometimes this banding will be in one direction 
only, but wavy. The bands frequently give the appearance of 
twin striping, and have also been supposed to be owing to a 
intergrowth of orthoclase and albite, or perthite. Quartz is 
often found enclosed in ortlioclase, and occasionally a net-like 
intergro^rth of these two minerals maybe observed. On a 
of the general opacity of orthoclase, it is difficult to recogniM 
the various microlitic minerals contained in it. It is said that 
gas cavities have never been seen in the orthoclase of gTanitfi% 
although fluid enclosures have sometimes been found. Mintil 
orystalB of i- wcular iron in regular layers are abundant in eon 
specimens, and often give a red tint to orthoclase and perthite. 

Triclinic Felspar. — The triclinic felspars are known at o 
under the microscope by their striped appearance. FaraUcA 
hands of ci.lour, which change ^vith each half turn of I 
analyser to the complementary tint, make tlua mineral to 1 
one of the most beautiful of objects in the polarieoope. ~~ 
are equally well seen in plagioclase and in labradorite, i 
might well suggest some gorgeous patterns to designers < 
striped fabrics. Without the pohiriscope these bands may fc 
faintly seen as fine dark lines in the crystal. This appearanflt 
is owing to the twin formation of these felspars, and as no oth« 
mineral forms such polysynthetic crystals, this is an unl' 
teet of its presence. Microlites of augite and hematite are n 
tmfrequent in some specimens, as well as cavities. Water c 
ties are found in the plagioclase of the gabbros and bypersthei 
rocks. 

Twvn, Crystals. — Before passing to the next mineral, it wil 
be well, perhaps, to notice here the peculiarity of twin font 
tions BO splendidly seen in plagioclase. It is not always possibl 
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to recognise a twin crystal under ordinary light, on account of 
the way in which it may be cut ; but witli polarised light it can 
always be seen with great certainty in the case of all double-re- 
fracting minerals, owing to the reversal of the optic axes, which 
causes the appearance of different colours in the different laminEB 
of the crystal. It may also be observed, that whenever the 
optic axis of one of the twins coincides with that of the Nichol 
prism that, twin will appear dark, whilst the other will be 
coloured, and this etfect will, of com'se, be reversed with the 
reversal of the Nicliol. This phenomenon of twin formation is 
very commonly met with in microscopic sections of many 
minerals. 

3fic«.— Examining our minerals rather in the order of their 
importance than of their strict classiHcation, we will took nest 
at some of the various species of mica. The ordinary mica 
found in granite ia potash mica, sometimes called biaxial mica, 
or muscovite. 

Muscovite forma table-shaped crystals, and its sections 
coincide with the chief plane of cleavage, and show an irregular 
polygonal shape. Owing to the laminated structiu-e of mica, 
its sections show a chaos of fine lines and of Newton'a rings on 
the surface, which mark the boimdaries of its torn leaves, some 
of which may be only ^iotiba P*^ "^ ^^ '""'^ thick. Its 
leaves are sometimes differently arranged as regards their optic 
axes^ — " differently oriented," the Germans would say— and thus 
when polarised such a mica will never be dark in a horizontal 
position, as its planes of vibration can never in all the leaflets 
coincide with those of the polariser and analyser. JVIica, as a 
rule, does not enclose many other mineral substances; occa- 
sionally apatite needles are found in it, pretty crystals of 
htematite, and also magnetite, whilst between its leaves may 
sometimes be seen dendritic markings. In the mica of granite 
fluid cavities are not uncommon. It is usually very transparent, 
and, owing to this, shows brighter colours than biotite, although 
it is difficidt under the microscope to distinguish between the 
two. Mica ia dichroic, but usually manifests only clearer or 
darker tints of the same colour. 

Biotite. — Biotite, or uniaxial or magnesia mica, has hexagonal 
crystals, but ia generally seen in thin, irregular, polygonal, or 
roundish leaflets, or elongated tables. In the former case it baa 
a smooth, shining surface, in the latter is laminated. As I have 
just ob9er\'ed, its microscopic characteristics are but slight. The 
littie leaflets, which are perpendicular to the small axis, remain 
dark between crossed prisms. Those cut parallel to the axis 
only become so when the direction of their thin stripes is 
parallel to the chief diagonal of the Nichol prism. The powerful 
dicbroism' of biotite is one of its most characteristic marks 
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_ oiiiriser 
cleavage is perpendicular to its ehorter diaji^onal, the coIouts 
may be greenish yellow to brown ; if the diretition of the two is 
parallel, we get dark brown to black owing to the greater 
abeorption. Biotite is distinguished from other dicbroic mine- 
rals, eiich as epidote and hornblende, Ly the absence of the 
marked pleochroism which these present, and from toimnaline 
by its fine strlation. 

Talc. — Talc, which occurs both in large quantities in talfi 
elate, and also in little curved scales and crystals as a consti- 
tuent of some granular nicks, like mica shows both by tiaoe- 
mitted as well aa by reflected light similar irregidar lines and 
brilliant coloured rings, owing, as in that mineral, to the partial 
separation of its leaflets. It may be known from mioa and also 
from chlorite in possessing no perceptible dichroism. 

Chlorite. — Chlorite forms little green leaflets, and scale-Ufce 
aggregations in various rocka. Ita scales or leaflets are fre- 
quently arranged in vermicular or radiating forms, caused by 
their partially overlapping each other ; it is also found in 
centric layers, like the coats of an onion. In many specit 
the leaflets seem to consist of twisted or irregularly intergrown 
fibres. Sometimes leaflets of chlorite look like large green gbuB 
cavities, and present a beautiful appearance in sections of tile 
chloritic schists. Now and then hexagonal scales will be 
which remain dark between the crossed prisms. The polarisar- 
tion colours of chlorite are often very feeble ; blue and brown 
tints prevail. The mineral shows decided dichroism, although 
of varied strength in different specimi 

Hornblende. — We will next turn to homhlende, a wide^ 
dispersed and very important constituent of many rocks. It is 
found distinctly crystallised, frequently in six-sided forms, but 
it is more often found in crystalline masses, which might 
called crystalloids, and in sheaf-shaped aggregates: these 
especially common in diorite. It may be at once distinguisheij 
from angite, which mineral it resembles somewhat in its seo 
tions, although its prism angle is larger, by its fibroin 
structure; this serves also to distinguish it from augite, when ai 
uralite its crystalline form is the same. Twin crystals also an 
not so common in hornblende as they are in augite, but one O 
the most striking characteristic featines of hornblende is jb 
strong dichroism, the "orientation" of which, to use thi 
German term, distinguishes it from mica, which it rather re 
sembles in form in some specimens. Besides its dichroism, it 
striking pleochroism might well serve to distinguish hombleDil 
from biotite, augite, or diallage. Epidote might possibly b 
■taken for il, but the diuhrui^m of this mineral is not b 
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Auffite. — Aiigite is a mineral as important in rock formation 
as hornblende, and is as constantly present in dolerites as the 
latter is in diorites. In the microscope it iisually is very 
recognisable, on account of its brownish or brownish yellow 
tinge, and its crystalline form is frequently very distinct, and 
well defined from the surrounding mineral matter. Some of 
the crystals will be perfect at one extremity and broken at the 
other. The crystals are also often grouped in masses, or a 
number of email crystals will be united so as to form apparently 
a single one ; in these cases polarised light will show the com- 
posite nature of the seemingly simple crystal. Dislocated 
crystals of aiigite are very frequent in some rocks. Aiigite 
crystals have a somewhat broken-looking siuface, and irregular 
flaws may be seen in them with transmitted light. Vast quan- 
tities of minute well-formed transparent light yellowish brown 
crystals of augite sometimes abonnd in basalt rock, also needles 
of this mineral, which occasionally are curiously shaped, being 
curved at one end like a hook, or swollen like a club, or some- 
times both extremities will be split into dichotomous points. 
Very numerous miorolites are enclosed in augite crystals j 
amongst them are leucite, biotite, magnetite, &c. Sometimes 
the augite crystal will be a mere thin wall, enclosing a multi- 
tude of microscopic minerals. Cavities of all sorts are also 
frequent in augite. The double refraction of augite la powerful, 
and in thin sections it polarises with brilliant colours. 

Diailage. — Diallage, when crystallised, corresponds with 
augite, but more frequently it is found in granular aggrega- 
tions, and fills up or borders carities in the matrix. Its usual 
colour is green, but it is sometimes brownish, on account of 
enclosed mineral matter. Sections of diallage show a distinct 
Btriping parallel to the chief axis of the crystal, and a concen- 
tric, shaley structure if sometimes denoted by little colour 
rings. Between its laminse a secondary formation of calcite is 
occasionally met with, also hornblende, but this is an original 
formation. It encloses, like augite, various other minerals, 
and on its surface it often esliibits a kind of metallic lustre. 
Its slight absorptive optical properties easily prevent its being 
mistaken for hornblende, with which its laminated texture 
might possibly lead some to confound its sections. 

MelilUe. — Melilite is a mineral sometimes found coating 
porous cavities In lavas, and also as a chief component of some 
of the basic rocks, but is never met with in the felspatliic 
banalts. Its appearance in thin sections will be in quadran- 
gular or long rectangidar forms, but somewhat ill-defined ; more 
oft eo it is met with in irregidar aggregations. Melilite has a 
^^ ash surface striping, always in the direction of the chief 
—that this iB only a surface striping is proved by its ni ' 
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being interrupted by enclosed nainemb ; — and this is poi^^m 
as one of its best characteristics under the microscope. ^ 
colour is greenish or lemon yellow ; when polarised it ahoi 
rich Berlin blue and brownish yellow tints. 

Olivine. — -The next mineral to be noticed is olivine. It i^ 
constantly met with in the older trappean rocks, as well i 
the more recent basalts and lavas. It has been observed that a 
special characteristic of basaltic olivine is that its crystals are 
fragmentary, and frequently the separated parts of individueX 
crystals may be recognised, thus most clearly proving the mo- 
tion of the mineral mass in which they are enclosed. Olivine 
crystals are in thin sections, greenish grey ; if very thiOt 
colourless. It ia an easy mineral to distinguish, owing to it< 
peculiar granular or undulated-looking surface, and it is also 
frequently fissured, which gives it a leinetl appearance, 
polarises with a peculiar opalescent play of rosy and grecat 
colours. Olivine, more than any other mineral, is inclined ta 
decomposition, and this change may be observed to begin aloiig 
its capillary fissures, in which fibrous deposits of oxide of iroo 
and of serpentine take place, when its crystals have beautifiil 
green reticulations traversing their substance. Sometimes tJiA 
olivine will be completely pseudomorphosed into serpentina, 
and it is worthy of note that long ago, in the earlier editions of 
Sir G. Lyell's Geological Manual, it was observed that "as 
olivine differs but slightly in its mineral composition from sat- 
pontine, containing even a larger proportion of magnesia than 
serpentine, it had been suggested, with much probability, that 
in the course of ages some basalts, highly charged with olivine^ 
may be tiurned by metamorphic action into sei-pentine.* 
Olivine is very generally met with as a pseudomorph, the 
irregular patches into which the polariscope shows it to bo 
broken up at once showing the distinction between an aggregate 
of mineral matter and a single uniform crystal. Fine hexagonal 
crystals of this mineral are frequent in some of the German 
basalts. 

Leucite. — Leucite is an important constituent of Vesuvian 
and of some other lavas, in which it seems, in part, to replace 
the felspar of other similar lavas. It is also frequently preeeot 
in smaller quantities in many of the igneous rocks. Its micro- 
scopic recognition is easy. It is usually met with in rounded 
grains massed together in bands ; its crystal sections are oot<^ 
hedral, its angles are often rounded. Very fine large oct«he- 
droQS are frequently found in the Vesuvian rocks. Under the 
microscope, when the polar iscope is used, it presents, especially 
I in the smaller grains and crystals, the appearance of a glaw> 
but in the larger we may often see a very marked and charu^ 
k*»ri8tic feature— viz. those interference spectra which have 
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ly been noticed, under the name of lamellar polarisation. 
Between crossed priams the leiicite crystal will exhibit a re- 
mirkable aeries of parallel stripings, of a dark or I >liush grey or 
blue colour, crossing each other at right angles, or at an angle 
of 60°. On the rotation of the analyser the blaek or dark 
(tripes will Ijecome clear, and f he blue grey presenting the usual 
phases of double-refracting crystals. Zirkel has considered this 
eorious optical effect to be owing to an intergrowth of two 
different species of leucite, one of which is double refracting. 
Aflother writer, Von Rath, shows that the leucites have a great 
todency to twin formation, Analcime is another mineral which 
ediibita a somewhat similar lamellar polarisation, and which 
lufi been referred to as a laminated structure, in which the 
luninie are separated by thin strata of air ; and by some ob- 
•ervere the behaviour of leucite baa been set down to this kind 
of stnictiu^. Another distinguishing feature of leucite consist-B 
Id the abundance of enclosed microlites it contains, sometimes 
insularly arranged, but more frequently foimd in central 
groups or in concentric rings of stone cavities, near the circum- 
ference of the crystal. Some of these microlitea will be fumid 
to be augite needles, and grains of a greenish or yellowish 
ooloar, others grains of magnetite. Besides the stone cavities, 
leucite also contains numerous gas and glass ca\ities, the latter 
often marked by diminutive immovable bubbles. 

Stpheline. — Nepheline, a frequent mineral in volcanic rocks, 
pUye a very important part in some basalts and lavas. It 
occurs very generally in hexagonal or rectangular forms. The 
hexagons being cut at right angles to the axis will not polarise, 
hut sections which are parallel to it polarise well with a light 
hrownish yellow or a light grejriah blue colour. What appears 
to be a fine grey dust is sometimes seen in nepheline crystals, 
■hich with a high power may perhaps be resolvable into glass 
taTities. Very small green miorolites, parallel to the long axis 
of the crystal, are also found in nepheline. Although nepheline 
w ft very stable mineral, yet sometimes its crystals will show an 
•^regate polarisation, and the whole crystal will occasionally 
be found converted into an aggregation of zeolites. An oily- 
'"oking, flesh or green coloured variety of nepheline, which is 
Kidom distinctly crystallised, ia occasionally found to take the 
pliee of nepheline in the older igneous rocks ; this ia elsolite, 
SDil may be considered in reference to nepheline to be what 
■vthoclase is to aanidine. 

Apatite. — It is somewhat difBcult to distinguish between 
"spheline and apatite, but careful observation will show that 
•Aere these minerals come together so as to be compared, the 
••Wagonal crystals of nepheline are somewhat larger than those 
<* apaUt«; and it may also he observed, that whilst nepheline 
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will occur iu short colourless rectangles, the apatite will form 
long cdourli^ii Qeedle:^, both minerals having bezagon^ 
eections. 

Sodallte. — Sodalite is a representative of a group of isoi 
pbic regular minerals found in volcanic rocke. Microecopie 
sections show dodecahedral forms, and they are often 
translucent, though frequently also full of various microUtiC 
enclosures and large gas cavities, and glass cavities containiiig 
hubbies ; occasionally fluid cavities may be also found in b ' 
lite from Vesuvius. 

Nosean. — Nosean or noseite is a brown or grey variety ol 
liauyne, of which lapis lazuli is the well-known blue foniL 
Nosean is occasionally found in volcanic rocks, and may he 
readily known in the microscope by its quadrangular ctystAls, 
which are filled with dark granular specks, occupying the centre 
or else symmetrically following the planes of the crystaL 

Epi-dote. — Epidote is found in some granitic, dioritic, asd 
other rocks, in granular crystallised forms, and it is freqaently 
seen in small elongated crystals, clouded with a rather dit^ 
green colour; in some specimens it seems to have a radiate 
fibrous structure, and it shows a play of colours when polartsedf 
green, yellow, and brown tints prevailing. Epidote is associatiei 
with quartz in some rocks, and when mixed with more or leM 
of that mineral, and sometimes with garnet, it forms the r 
mineral, epidosite. 

Serpentine. — Serpentine, which is often found in enonnouB 
masses, in the microscope shows a ribbon-like struct ure of deep* 
coloured greenish or bluish green, nearly opaque minenl 
matter, and in thin sections a kind of laminated or net-woii 
appearance is produced ; on the outer edge there may be ofl«n 
olMerved brush-like aggregations of needles pointing towards 
the interior of the serpentine. In the polariscope serpentine 
shows double reiraction. 

Iron. — Iron is constantly present in igneous rocks of evtsf 
age, usually in the form of crystals and grains of magnetitfl^ 
occasionally as titaniforous iron, and as specular iron and hs- 
raatite. Ciu-ious clusters of opaque magnetite crystals an 
frequent. Translucent crystalline plates of haematite are often 
found in felspar, and it is owing to the light reflected firom 
these that the variety of oligoclase called sunstone owes ita 
beautiful opalescent appearance. 

Calcite, — We may consider now one or two minerals whiek 
usually occur as secondary formations, filling up fissures f 
cavities in the igneous rocks. One of the most importaab ot 
these is calcite, which in its varied forms is one of the ia08( 
abundant of minerals, occurring not merely aa an occasicn 
" "T product in volcanic rocks, but still more frequently is 
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purely aqueous deposita. In its microscopic forma it shows a 
banded and delicately iridescent structure, the bands coiDciding 
Tith the rhomboidal shape of its crystals. This structure is 
beautifully displayed in many marbles. Calcite oflen is foimd 
filling the amygdaloid cavities of trappe^m rocks, and is fre- 
quently BUrroiinded in them by a green chloritic coating. 
Water cavities are abundant in it, proving it to be a secondary 
product deposited from watery solution in the empty spaces 
which were originally gas bubbles in these rocks. 

Aragoniie. — Aragonite, another form of calcic carbonate, 
differs altogether from calcite by its cleavage, which, instead of 
being rhomboidal, is conchoidal. Under the microscope it has 
a foliated appearance. In some sections of Carrara marble this 
ii well shown, and if this is the general form of that marble, it 
may serve to explain its admirable adaptability to the purposes 
of I he sculptor. 

Chalcedony. — Chalcedony is occasionally found in amygdaloid 
spaces, as well as forming the mass of agates, and is an ex- 
qntsitely beautiful object in the polariscope, showing a radiated 
•tnictaie which displays the moat gorgeous colours, as well as 
fine iUustrations of interference spectra. 

DdessUe. — Delessite is another mineral not un&equently 
fbond in amygdaloids, either completely titling up the cavities 
or else coating their sides. It has a concentric banded struc- 
tue,with a radiate growth between the bands, or rather cutting 
tbnngh them. The concentric lines follow the form of the 
vntf in which the delessite is found. This structure is 
probably owing to intermitteuJes of formation, and may bo 
wiinpared with the season rings nf trees. The beautiful mossy- 
looking growth in some Indian agates has been considered to be 
delessite. The colour of this mineral is green, and it is 
transparent and pteochroic. Between crossed prisms the radial 
forms of delessite, especially sections across amygdaloid forma- 
tion?, show the interference cross very beautifully in the pola- 
riscope. 

Zeolites. — There are other secondary formations found in 
igneous rocks liesides those mentioned. Zeolites of various 
"pocies are common. All these formations may be found in 
microscopical as well as in the larger amygdaloidal cavities. 
Amongst them all we may observe the same tendency to a con- 
centric or fibrous structure. Their natural coloiu-s are very 
various; yellow, brown, and green tints prevail, together with 
white or colourless specimens, which may be calcite, aragonite, 
or zeolite, and sometimes chalybite. 

Aqv.eoiLa or Sedimentary Rocks.— Before bringing tliis 
paper to a close, a few words may be added upon the general 
characters of the aqueous rocks imder the microscope. We are 

TOL. XIT. — NO. LIV. O 



18 



ponruit KTWoi 



at once Btruck with the very different appearaocc of tlmse coca 
pared with those just described. Take, for inBtaiiw, & thin slia 
of a sandstone, no matter how fine-grained it may be ; it is see 
to be an aggregate of particles, more or letw water-woro, i 
quartz and other minerals, evidently derived from the broakiii 
up of older rocks, Cla3rB, shales, and most of the slate rocl 
present a somewhat similar appearance, although with a ni 
minute structure, which in the slatey rocks is sometimes c 
siderably affected by the effects of pressure, as well as by othe 
agencies since their first deposition. The microscope, again 
will often bring to view in these rocks very nimierous retD 
of organisms. Some of the clays and shales and limestoni 
contain foraminifera, diatomaceoe, and other fossil traces of th 
life of the period. Occasionally rocks are found, such aa souk 
of tlie foreign slates and clajre, that are composed of little e" 
than diatomaceiB and sponge spicules. The tripoli and semi-ope 
of Bilin, in Bohemia, present fine examples of sudj rocka 
Chalk, too, when subjected to microscopic examination, reveal 
instantly its purely organic origin ; it is seen to be built i 
almost entirely of minute organic IxHiiea — foramiuifera, apong 
spicules, fragments of bryozoa. &c. So bog iron ore cao I 
traced to a similar origin. The older limestones, also, eve 
when no fossils appear to be present, are seen, when sufficient^ 
thin sections are prepared, to be similarly composed ; and i 
microscope thus helps us to correlate tlie limestone and 1 
chalk of former ages with formations of a like nature, i 
lating at the present day in the bed of the ocean. 

To the microscope we owe the discovery of what is poMii^ 
the earliest existing trace of organic life on our earlJi; 
eoaoon canadense, which is, if the opinions of those most a 
petent to judge be accepted, the remains of a gigantic f 
nifer, entombed in the laurentian serpentine. 

It is, perhaps, hardly necessary to observe how the microw 
will also enable the skilled observer to determine from a s 
fragment of bone or of a tooth the nature of the animal to whid 
it belonged ; or, once more, in the faint traces of vf^etaU 
origin frequently met with in certain rocks, to gather some iC 
of tbe plant life of the period. We all know how abuodi 
a microscopic examination of coal and of the carboniferous in 
tation has repaid the labour spent upon it, enabling us to f 
tolerably correct notions as to the nature of the vast flora n " 
clothed a great part of the earth's surfece in bygone ages. 

With these scanty and, I fear, very inaperfect notes upOD i 
wide and most interesting field of study, I bring niy paper toi 
close, and I trust that it will not be very long before we fi 
many English geologists awaking to the great importance 
this branch of their science. That it will well repay the ra 
lest attention there can be little doubt. To the petrold 
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le mineralogist, and the physicist the intelligent use of the 
dcroscope is invaluable, and I need scarcely add, that in this, 
I in every branch of scientific inquiry, every fresh glimpse we 
btain brings new beauties to light. 



EXPLANATION OF PLATES. 

CXVL 

Fig. 1. Quartz, Quartziferous-Porphyry, Saulieu, polarised. 

Fig. 2. Sanidine in Domite^ Puy de D6me| polarised. 

Fio. 3. Triclinic FelBpar^ polarised. 

Fio. 4. Chlorite, Chloritic Schist, Dat. 

Fio. 6. Biotite, Germany, seen with polaiiser alone. 

Fig. 6. Hornblende in Diorite, seen with polariser alone. 

Fio. 7. Augite, Augitic Porphyry, Germany. 

Fig. 8. Olivine, Somma, Vesuvios, &c., polarised. 

Fig. 9. Leucite, Somma, Vesuvius, polarised. 

Fig. 10. Nepheline and Apatite, Katzenbuckel, nat. 

Fig. 11. Nosean, nat. 

Fig. 12. Haematite and Magnetite, nat. 

(All magnified 26 diarth) 

CXVII. 

Fio. 1. Gas Cavities, in Lava, Hecla. 

Fig. 2. Water Cavities, in Quartz, Cornwall. 

Fig. 3. Glass Cavities, in Quartz, Cornwall. 

Fig. 4. Glass and Stone Cavities, in Lava, Hawaii. 

Fig. 5. Calcite, Marble, Ephesus. 

Fig. 6. Aragonite, Marble, Carrara. 

Fig. 7. Chalcedony, Cornwall. 

Fig. 8. Fibrous Zeolite, in Dolerite, Germany. 

Fig. 0. Mica, in Trachyte, Germany. 

Fig. 10. Organisms, in Limestone, Derbyshire. 

Fi». IL Vegetable Hemains, in CoaL 

Fig. 12. Serpentine, Cornwall, 26 diam. 

(Magnified 66 diam,) 
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THE NEBULAR HYPOTHESIS: ITS PRESENT J 

CONDITION. 

Br JOHN J. PLUMMER, M.A. 



IN the whole range of science there is no theory which i 
attracted so much attention, haa passed through eo ma: 
vicissitudes, and has been so earnestly and fondly supported 
the face of opposing evidence, as the nebular hypothesis 
Laplace. This has arisen, doubtless, to some extent from t 
respect due to the very eminent aatronomers by whom it n 
first suggested and promidgated, but perliaps still more to i 
nature of the hypothesis itself, and to the fiict that me 
otherwise unexplained phenomena find in it a satisfactory so 
tioD. The whole course of scientific progress has led us to Ic 
for the most simple laws in order to explain the most ap] 
rently complicated results ; and such a law the nebular hy 
thesis would become, were it possible to give to it such a h 
degree of probability as at present serves for the demonstrat; 
of the Newtonian law of gravitation, or of the nndulatory thei 
of light. That it may one day attain to this degree of o 
tainty, and be recognised as an established truth, is the hope 
many who are fascinated alike by its simplicity and its comp 
hensivencss— a hope that has often served to sustain it wl 
the bulk of evidence has not appeared to be in its favouz, i 
one in which the writ«r to some extent indulges, although n 
aware that it may require to undergo considerable modificat: 
before it reaches that exalted position. 

Previously to the revelations of the spectroscope, the nebu 
hypothesis stood at a very low ebb. The gradually increa 
powers of telescopes, culminating in the gigantic reflect^ii 
Lord RoBse, had one by one reduced the number of the scm^ 
nebidie, by resolving them Into clusters of distant stars, v 
closely packed together, until, although a large number t 
continued nebulous in appearance under all circumstances 
seemed very probable indeed that indefinitely increased ti 
ecopic power was all that was needed to resolve the remaisd 
""■" 't retained a few believers, loth to relinquish the inBij 
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into the origin of tbe solar system which it holds out, and ready 
to seize at once on the important discovery of true gaseous 
nebtilio by Mr. Huggins as direct confirmation of the hypothe- 
sis. There can be no question that the proved existence of 
immenBe masses of gaseous matter does place the theory upon 
a much firmer footing than before ; at least, the speculations of 
Sir William Herschel are now established, notwithstanding that 
the superstructure raised thereon by Kant and Laplace is little, 
if, indeed, as we shall see further, at all supported by it. 

For this important advance in our knowledge we are in- 
debted to tbe spectroscope. When all other means had failed 
t« give us faithful indications of the existence of remote gaseous 
bodies, this invaluable instrument at once decided without 
question that, of the nebulie unresolved by the largest and raost 
powerful telescopes, a considerable proportion are simply me- 
chanical mixtures of three gases, two of which are well known to 
us, namely, nitrogen and hydrogen ; and the third, although 
unknown or unidentified, is probably of somewhat similar 
character — that is, an elementary, non-liquefiable gas. It ia 
not improbable that it may even be a terrestrial element, for 
onr knowledge of the variety of spectra obtainable from tbe 
ttime aubstance, under different circumstances, is still too defi- 
cient to enable us to speak positively on this point. But the 
spectroscope is capable of tdling us still more regarding the 
nature of tbe light analysed by it, and it is here that the evi- 
dence it gives is unfavourable to the hypothesis of Laplace. 
The density of the gja from which the light emanates produces 
an effect upon the spectrum, and is measured by the breadth of 
tbe lines composing it. Now, the nebular hypothesis requires 
u a necessary corollary — and it has accordingly always been ad- 
mitted as such — that nebulne of every degree of condensation 
should be found in the heavens, and the variations of brilliancy 
of these bodies has therefore been pointed out as evidence of 
variation of density. The width of the spectral lineii, however, 
prorides us with a much more certain, delicate, and reliable 
test. From the observations of Dr. Huggins, it would appear 
that the bright lines in the nebular spectra present no appre- 
Qable difference of thickness in all those cases in which it has 
been possible to use a very nan-ow slit. The lines have inva^ , 
riably been found to be exceedingly fine; and hence we are fur- i 
UBhed with distinct proof that the gases bo examined are not 
only of equal or nearly equal density, but that they exist in & 
state of very low tension ; facts, as I have already stated, which 
we fatal to the hypothesis. It is, of course, possible that simi- 
larly as tbe numerous lines of the spectra of nitrogen and hy- 
drogen are reduced to two or three in tbe nebular spectrum, in 
consequence of tbe faintness of the light operated upon, eo may 



the width of tbe liaea be diminislied from a like cause ; but will] 
this I have nothing to do. It ia my object merely to ehow thai 
at preeent, so far a^ the spectroscope hue afforded us increased 
knowledge of the state of these bodies, it is fatal to the theory) 
and it remains for those who uphold it in its integrity to estabi 
tieh by experiment that the spectrum of a dense gas, when vei^ 
faint, uot only is reduced to a single line, but that that lint 
itself is narrow when the slit Is narrow, as in the case of rareliec 
gases. Unless tliis proposition can be established, there 
no alternative but to reject the hypothesis, as an inviting bu.1 
fallacious guide to the explanation of the origin of the solai 
system, and to look for some new theory, or for some modifier 
tion of the old one, for the solution of those problems which u 
would otherwise aflbrd. 

There are still further reasons for believing that the nebulfU 
hypothesis in its old form is not altogether trustworthy, and 
though of less weight, may help to turn the scale, at the sam 
time that they prepare the ground for an altei'ed eonception < 
it, free from these objections. It has been necessary bitbert 
to assume that the nebulous matter existed originally at a gree 
heat, without suggesting, it seems to me, any sufficient fore 
by which this high temperature was reached. This is, at leasi 
wanting in completeness, especially as there is at hand, as 
hope to show, the means by which the matter may have beeX 
thus raised in temperature. But a still more fatal objectioil 
would appear to be, that the gases which have been identifie<£ 
in the nebula do not seem to be, in themselves, adequate tft 
form a system such as our own, unless by the addition of foreign 
matter from without. Probably no advocate of Mr. Locky^i 
theory of the disassociation of the material moIeciUes into tbeiB 
primary or truly elementary components by enormous bei^ 
will go so far as to imagine that the two known gaseous conati- 
tue&ts of the nebuliE, together with one other imknown sub 
stance, is all that is essential to form a globe such as our 
sun, especially when it has been proved that the actual m 
rials required are known to exist in the immediate neighboun 
hood) and appear to have no other use in the economy 
universe than that of forming with the nebulae suus i 
guch as our own. 

It is, perhaps, scarcely necessary to point out that it is to 
oometaiy system that I allude, as capable of supplying 
necessary material from without, as well as of causing the enon 
mouB evolution of heat of which I have spoken ; but there an 
one or two misconceptions which must be cleared away befon 
the mind is prepared to admit the possibility of such a circuub 
stance. These misconceptions have reference, firstly, to th( 
distance of tiie nebiilie from our own system, and hence t< 
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leir true volume ; and secondty, to tJie magnitude, or ratlier 
OSS, of the generality of comets. Aa regards the former, 
clearly arisen from the unfortuuate association of the true 
us nebulae with clustiars of stars. Of the enormous dis- 
t^mces of the latter from us there can be no doubt; but now 
t-k&t an entirely different class of object* has been proved to 
^^8t in the heavens, similar only in appearance to the most 
remote clusters, there can be no reason to suppose that tliese 
A~Ee at the like distances. Indeed, it would seem more probable 
that they are actually nearer to us, at least in some instances, 
ttiaa the nearest 6sed stars themselves, for the enormous mag- 
*»itudc which must be attributed to such a mass as the great 
Tkebula in Orion, if it be supposed to be at a very much greater 
tlistance, must act as a bar to such an assimiption. Indeed, 
the mind experiences a sense of relief in believing that the 
Qebulie are our nearest neighbours, and tlie uniformity of na- 
ture, which does not offer to our contemplation masses of 
matter incomparably greater than those we have to deal with 
in the solar system, seema to require that the nebuUe should 
not be conceived aa of such surpassing magnitude. If this be 
admitted, it brings these objects almost within the range of 
comets visiting the solar system ; but there are, doubtless, in 
the heavens numerous groups or congeiiea of comets similar to 
tbese, not to speak of those wanderers which move in parabolic 
or hyperbolic orbits, and which only reqiiire infinite time to 
tnvel infinite distance. Thus the wide gulfs separating star 
&om star, and which appear only to exist to allow of the free 
revolution of stellar systems, may be the theatre not only of the 
movements of comets, but also of the evolution of new worlds. 

The belief in the insignificant mass of most comets, which is 
also, I think, open to question, is grounded on more substantial 
reasons. One comet (Encke's)- has actually been weighed 
against the smallest of our planets, Mercury, and has kicked the 
beam, but perhaps no more unfortunate instance for the erperi- 
ment coidd have been selected than this. It is a comet without 
ttollar nucleus, and one that has made so many revolutions 
round the sun, that supposing, as we liave reason for doing, it 
loiee some portion of its matter at each visit, it must clearly 
have been a very much wasted body at the time (1842) when 
Encke made its perturbations by the planet Mercury the sub- 
ject of his able researches. The only other comet that has 
given us a favoiurable opportimity of weighing it against one of 
the planets is Lexell's, which in 1767 and 1779 must have ap- 
proached very near to Jupiter, without deranging to any extent, 
BO far as we are aware, bis system of satellites. Laplace has 
proved that -this comet had certainly less than g-^^th pait of 
the earth's mass, hut there is a very considerable difference b&- 
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twocn Uiis pvaliialion and the "few pounds or ounces " wt^ST 
we sometim«3 hear of as a probable estimate of their weight. 
Ix-t it ho further remembered that Lexell's cometj like Encke's, 
was one of the comets of short period, which are admittedly the 
Icttat considerable of their class, and we must acknowledge that 
Ibc belief in the diminutive maas of comets rests upon insecure 
if not insufficient evidence. The important discovery that 
oflmet« in their orbits are accompanied by streams of meteors, 
and that they themselves are either meteors of very unusual 
Bine, or a dense cluster of such bodies, proves that they must 
have a mass at least comparable with, if they do not often ex- 
CMiA, that given by Laplace as the maiimum possible for 
liOXfll'i' comet. 

Having to some extent removed these misconceptions ae to 
the massi'S of the comets and of the nebulse, it is next to ba 
ooDdidered whether the cometary systems are capable of supply- 
ing the nebulous matter with the requisite material for the 
fommtion of new auns, and here oiu' imperfect knowledge of the 
oonntitiition of the former acta as a serious drawback. It would 
BTOin certain, however, that the composition of comets is very 
MirlouB. One substance alone that is known to ns at present 
hax been discovered, from spectroscopic analysis, as existing in 
comets, and to form it would appear, in those cases in which it 
in found, the sole constituent. This siibstance is carbon," but it 
hiui been identified only in three or foiu' comets out of a con- 
oidariible nimiber whose spectra have been esamined. The 
great comet of the past year is one of those whose spectrum 
nai) liwn thus identified. Others have yielded spectra which, 
being simple in character and very similar in appearance to 
that of carbon, may possibly belong to some substajice of analo- 
gous properties; at least, it is likely that a single uncombined 
clement will be found, on increased knowledge, to form their 
principal or sole constituent. Again, it is not improbable that 
other comets may be of like composition to the meteors, many 
of wliich have been analysed by the ordinary methods of the 
chemist ; but whetlier thia is so or not, since these latter follow 
jn the track of comets, they must siitfer the same catastrophes. 
The meteois that have fallen upon the earth have been found to 
contain a large number of terrestrial elements — iron, in a 
native, uncombined form, and in great quantity ; cobalt, nick^ 
Hulphur, silica, in the form of augitc; molybdenum, tin, coppar, 

' It ii oltea etated ihnt the material of comets jielditig the cubon >peo- 

tnim must be a hj-dro-carbon ; hut it is to be remarked that none of the linca 

of hydrogen have ever been seen, and the aMumption ia therefore an bb- 

thely ^luitouB one, made to get over the difficulty of the refraclot; natun 

tbon. 
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and a number of other metals in smaller quantity. All these 
are substances of an entirely different character from those ele- 
inents identified as composing the nebiilfe. The former are 
among the moat refractory of chemical elements ; the latter 
quite defy our ulmost attempts to liquefy them. In both they 
appear to exist in an uncombined form, though their union 
would go far to supply the materials of a world such as ours. 
Some important elements, as oxygen,* are wanting, it is true ; 
but it must be remembered that we know already of two im- 
portant constituents which we are unable to identify with ter- 
restrial elements, namely, the subatance which at least aa fre- 
quently as carbon is found the sole component of comets, and 
the gas equally unknown which exists along with nitrogen and 
hydrogen in the nebidoi. 

Although in the system of Laplace the cometary element held 
only a very subordinate position, it miist not be imagined that 
it was neglected altogether. On the contrary, Laplace, with 
that far-reaching power of generalisation which is characteristic 
of great minds, perceived that the encoimter of comet with 
nebula was inevitable, and the mechanical problem of the dimi- 
nution of velocity, in conseqiience of the former moving im- 
peded through the gases of the latter, received from him much 
attention. He perceived that a comet once within the power of 
attraction of a nebula had no chance of escape, but must re- 
volve round its centre of gravity in an ever diminishing spiral ; 
but, imacquainted with the peculiar chemical constitution of 
these bodies, it was impossible for hira to carry his speculations 
fiuther. In the light of modern discovery we may perceive, 
however, that the assimilation of the comets into the nebulous 
matter, foreseen by Laplace, will be much more rapidly expe- 
dited, and that, notwithstanding the augmentation of tempera- 
ture produced by friction, a still more considerable evolution of 
heat will result from the chemical union of the two. We can- 
not pretend to explain the exact chemical effects produced by 
tho impact owing to our ignorance of some of the substances 
tbemael*'es ; but, in any case, an enormous development of heat 
is certain to result ; and whether the compoimd thus formed 
assumes the liqiud or retains the solid form, it will certainly be 
of greater specific gravity than the rest of the nebula, of which 
it may now he said to form a part, and the revolution around 
the centre of gravity of the masa will be conducted precisely as 
indicated by Laplace. Those familiar with the extraordinary 
convolutions of many of the nebulas will not fail to see how 
easily many such appearances may be explained, by imagining 
a long stream of meteoric bodies in the track of a comet pour- 
ing into the nebulous matter, and being retarded and absorbed 
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' ': ' ,,'(1 it. There is good reaaoa to duppM^ 

iiii-al uuion assumes generally the liquid 

ii>rm, since it has frequently been noted 

■ I- ^pect^lim may be discerned along with 

U><*L i-'l iliL' I'liylit i;a!<w)tia linea in many nebula, and which is 

uo^ tHiu&ii«d tu tuiy particular portion of tbem. 

Wu way uuw [irntty clearly depict the condition of a nebula 
lU-HMtJiii^ iti |hi» hypotbeaie, when aft«r the lapse of raany agea 
A liugu uuLuWr uf comets and accompanying meteor-^treazna 
limo btuii aluKirlipd into its substance. It will conBist of a 
({ruuLur L>i \vM rt-sidue of the original gaseous constituente, 
whioh, ior ivaaous well known to Fpectroacopists, will still con- 
tiuuu k> yiold most conspicuously the characteristic bright line 
■pdclruxu, and dispersed throughout the mass an immenaa 
uuuibur »t' liquid nuclei, all tending towards tlie common 
wiutru uf gravity in spiral orbits, the centre being occupied by a 
ItrUUiiut whit&-hot liquid mass. Tlie temperature of such a 
uobidu will be much higher than of one less developed — a fiact 
which will tend to keep the density of the gaseous constituesnts 
at utuily the same levd, in spite of the increased gravitational 
Utiidtiucy tu <!ondensation near the centre. We may even ooq- 
cUvo Uiat tliis intense heat might be sufficient to render 
)(iUHiuui the liquid nuclei when a numerously bright-lined spec- 
truiu nhoiild make its appearance, but it would then be nece»- 
Mtiy to itHMiinie that the faintness of the spectrum would ma^ 
it ditlluult. U} distinguish the difference between this and one 
1,1'iily i^nt inuous. We may, on the contrary, imagine the well- 
iluvclupud uebula to become a compact liquid mass, in this case 
lUau yitildiug a continuous spectrum. Nor does it seem unlikely 
iluit a considerable number of bodies in this latter state of ez*- 
lat^incu may actually be discovered in the heavens. Many 
iir*bulfL', ttft«r having resisted the utmost efforts of astronomers, 
urmwl with the largest telescopes, to class them among the 
olUMtors of stars, have equally refused to be entered in the list of 
trutt nebulra by yielding the discontinuous spectrum, and whose 
roal uondition remains, therefore, fur the present an enigma. 
Of the two suppositions the second appears to me to be the 
moitt probable ; yet if it be accepted, it will be necessary to re- 
construct the nebului hypothesis, if it cau still be maintained 
under the altered circumstances. There are, however, gome &rcts 
which tend strongly to show that the first snggestion is the 
more correct one, or, in some cases at least, more closely ap- 
proximates to the true condition of things. It is well known 
that the great nebula in Andromeda— one of those which da^ 
alike the powers of the telescope and spectroscope — presents a' 
very anomalous spectrum. Though apparently continuooo, 
some portions of the red and orange are altogether wanting, 
1 the more refrangible portion consists of a mottled 
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'ith uneven gradatioDS of intensity. This is very much what 
would be expected if the spectrum were really one of numerous 
bright lines, nor is it a singular instance. SL'veral other nehula* 
have given rise to strong auspicions of a similar constitution; 
and no theory, so far as I am aware, has hitherto been ad- 
vanced in explanation of these appeamnces. I need not point, 
out that, if this supposition is correct, u state of things arises in 
which the nebular hypothesis in its later form will again apply, 
with the addition only that the gases of the nebulae are in a 
much more complicated condition than was formerly supposed 
to be the case. 

It is to be remarked, that the nujnber of comets which would 
be attracted to a nebula would increase in proportion as its 
mass increased with each succeeding capture, so that its de- 
velopment would proceed at an accelerated rate until a certain 
point was reached, when comparatively little of the gaseous ele- 
ments remained. The comets would then describe their orbits 
aronnd the newly-formed sun, and would leave only their 
smaller or outlying meteorites to swell its mass. But even these 
would greatly tend to compensate for the dissipation of heat by 
radiation, and worild much retard the cooling process — a state of 
things that will continue to exist even in a perfectly formed 
system such as our own, I am thus led to regard the meteoric 
theory of the supply of wlar heat as a part of the modified ne- 
bidar bypothesis which I have suggested. If our sum is a 
nebulous star, surrounded by a far-extending atmosphere, in 
which are revolving a large number of meteoric bodies, visible 
possibly to us as the Zodiacal Light, the materials for keeping up 
a constant or nearly constant temperature for a considerable 
length of time are at hand, and every succeeding comet will add 
some to the number of those meteors which, unlike it. are im- 
able to make their final escape, and piursue their orbits with 
scarcely diminished velocity. The smaller meteors in a stream, 
aa presenting relatively a larger surface, will be more retarded 
than the larger, and will more rapidly fall upon the solar sur- 
face — so rapidly, indeed, that it does not seem unlikely that the 
universally held belief in the increased solar heat, daring years 
noted for large comets may have a sound foundation. Such a 
possibility is sufficient to invest the movements of comets with 
great practical interest, and the various circumstances pro- 
ducing the increased heat of such seasons must give rise to 
important investigations. Thus we should come to look upon 
the nearness of approach of a comet in perihelion as an essential 
element in such a discussion, and perhaps also the material 
composition of the comet itself. It has l)een suggested, with 
much show of reason, that the larger and nearer planete wbea 
in perihelion simidtaneously have a considerahle effect upon 
the solar Bur&ce by producmg spote, &&, and these again, la 
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determining the amount of heat ra<liated from the aun ; may we 
not therefore expect that t!ie arrival in perihelion of a comet 
from most remote regions, which, if of gmaller mass, often ap- 
projiches the sun much more nearly than they, may also produce 
a marked effect on the state of the solar atmosphere ? Although 
the 1 1-year period of solar spot frequency is too well marked to 
admit of any question, there is already much evidence to prove 
that there exists many minor disturbances, secondary maxima 
and minima of solar activity, which remain to be explained, 
and which may possibly be due to the occasional and irregular 
approaches of comets. It is certain that the solution of no 
question can be of more service to the advancement of science 
than that of the real practical utility of comets in the economy 
of the universe. Speculation on this point has already been too 
long neglected, and unless it is carried on now as far and as 
correctly as the state of modem science allows, it is certain that 
it will mask some other resulta and hinder progress. Surely 
none can believe that these bodies are mere igiies-fatui, coining 
and going, without being of any service to ub or to other sys- 
tems; and although much mystery has always hung about 
them and still baffles our researches, perhaps the best way of 
attaining to the solution of it is by searching for some purpose 
that they may subserve. Without attempting altogether to set 
up the nebtUar hypotheais in as fiivourable a light as before, the 
above remarked and speculations may serve to indicate the posi- 
tion in which it stands at present, and the broader basis on 
which in future the question must be argiied. A certain degree 
of unity of design seems to result from those theories, which is 
consonant with the order of nature. Every known body in the 
universe appears to have an important and appropriate function 
to perform in the development or maintenance of systems like 
our own — a function that is constant in all conceivable states of 
exiijtence of those systems ; and while my speculations do not 
contradict the various theories of others, they show a tendency 
to unite them into one consistent whole. Perhaps the most 
distinctive feature of these remarks is, that the eifecte I speak 
of must actually take place, whether or not they have the im- 
portance here attached to them. No one will deny that the 
nebula and the comet will constantly come into contact ; and 
were we acquainted with all the materials so meeting, it would 
be a comparatively simple problem for the chemist to deter- 
mine what compounds would result, and for the physicist to 
show in what state, gaseous or otherwise, they would afterwards 
remain. Both these questions require to be answered satisfac- 
torily before it is possible to declare whether the celebrated 
lijrpothesis of Laplace is or is not the tnie key to the solution 
of the formation and history of the Solar System; and for these 
^^mia, at the present, it waits. ^^ 



f 



J- ** 






I 






ANT-SUrPORTING PLANTS. 
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rS relations between the animal and vegetable worlds, and 
the mutual dependence of one upon tbe other, offer aome 
of tbe most interesting problems in natural science. The sub- 
ject ia one which has attracted special attention of late years, 
and the numerouB observations of competent and trustworthy 
persons have rendered us familiar with many striking illustra- 
tions of it. The absolute dependence of certain plants upon 
particular insects for their fertilisation has been amply demon- 
strated ; and it is now shown that insects may, in certain oases, 
serve the requirements of plants in another way, by supplying 
them with food. And this dependence estends more widely 
than might at first sight appear. Mr. Darwin gives an instance 
of this when speaking of the fertilisation of the red clover by 
the visits of the humble-bee. " The number of Ijumble-bees in 
any district depends in a great degree on the number of field- 
mice, which destroy their combs and nests; . . . the number 
of mice is largely dependent, as every one knows, on the number 

of cats Hence, it is quite credible that the presence of 

a feline animal in large numbers in a district might determine, 
through the intervention first of mice and- then of bees, the 
frequency of certain flowers in that district." * 

It ia not, however, only aa fertilisers or as food-suppliers tliat 
insects aro connected with plants. Botanists are well ac- 
quainted with tbe fact that certain trees and plants offer homos 
t^i various species of ants ; but this is not very generally known, 
and, so far as I am aware, no attempt has been made to bring 
together what has been recorded on tbe subject in scattered 
papers, or to collect tbe references, often merely incidental. 
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these nnts take poafleasion of the Mymiecodia, and the 
intimate relation which exists between the plant and the insect, 
are thus referred to in Professor Caruel's recent paper upon the 
genus,* The account is quoted from a manuscript note by Dr. 
Beccari,t who collected the plant in Borneo : — 

" I have carefully followed the development of thia tuber, 

bn-ing been able to observe the young plants in all stages of 

^owth from the period of germination. The seed is surrounded 

by a viscid pulp, resembling that of our mistletoe, which readQy 

attaches itself to the branches of the trees upon which it falls. 

ILb dissemination is probably caused by means of the birds 

which eat the fi'uit, the undigested seed passing through them 

and adhering to the branches. The seed soon germinates and 

unfolds its cotyledons, especially if it has fallen in an opening 

of a branch wliere lichens have collected, or if it be placed 

in mould; the stem developes itself to the length of from 

three to six millimetres, widening towards the base, acquiring a 

somewhat conical shape, with the two cotyledons at its apex. 

In this condition it remains until a particular species of ant 

burmws a small lateral cavity at the base of the stem ; if this 

•ioes not happen, the stem does not develope itself, and the 

plant dies. The wound caused by the bite of the ant deter- 

iiiin*a a great development of cellular tissue, in the same way as 

the sting of the cynips causes the galls on the oak. The tulier 

now aolargea and the stem developes ; the ants soon find suffi- 

I'icnt space for forming a colony, and excavate gallei-ies in the 

inU-rinr of the tuber in all directions, thus making for them- 

stJvesa liiring habitation — a circumstance which is necessary to 

tlt^ etislence of the plant. The plant cotdd not live or even 

arrive iit matiuity ludesa the ants contributed to the formation 

of the organ which must he the source from which it di'rives its 

support, while in all probability the ants could not exist or 

litopagute themselves unless they had discovered this mode of 

coiiBtnicting so ingenious an habitation. The fleshy substance 

"^ this formicariiim is formed of cellular tissue; the channels 

^ galleries with which it is peribrated have their entrance 

near the lower part of the tuber." 

The genus Myrmecodia was formerly regarded as esclusively 
^lalayan ; but it is represented in Java by another species (or 
I^TliapB a form of M. tuberosa); and fine Australian specimens 
"liicb perhaps belong to a new and undescribed species, have 
l)«u recently received at Kew from Mr. Hill, of Brisbane. They 
S'^Wly resemble a wasp's nest in external appearance, being of 

* "SuoTO Giomale Botnnico Italinno," iv. 170— 17C (1872). 

t Tbii nuthcir has since df'flcribed n dbw species from Celebes under the 
MBo of Af. lekbica in " Nitovo Qiomalo Dolanico Itftlinno," vi. 100 (1874)« 
II i< inlenne'liate between Mijrmecoili- and Hydnophytun 
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a slaty-gray colour ; and the galleries with which they _ 
sected in all directions are lined by the ants with a thin pk] 
material. 

The allied genus Hydiwphytum, which differs from Mynrt 
codia in having a smooth tuber and small deciduous stipola 
was also 6gured and described by Rumpf (as Nidus germina^ 
for-micarum nigTOfu.m), and named and redescribed by Jack i 
the same time as Myrmecodia. In the structure of the tub 
and its mode of use by the ants, it seems very similar to Myi 
mecodia, only that the best known species, ff. fomticarumyl 
inhabited not by red but by black ants. Three or four specil 
are described, natives of Tropical Australia, the Fiji Islands, ai 
the Indian Archipelago. 

Passing now to those trees, the trimks and branches of whi< 
are used as habitations by ants, the most remarkable are thoi 
belonging to the South American genus Triplaris, all or neai^ 
all the species of which are described by Meianer in Ueoai 
doUe's Prodromus as " arbores ramulis fistulosis formicia hosp 
tium prosbentibus." Aublet, in his " Histoire des Plantes de ! 
Gruiane Franpoise," published in 1775, iigures and describe^ 
species (doubtfully referred by Moisner to T. aurinamensi 
Cham.) under the name of T. amencana, of which he say^ 
"Ants are found in abundance in the interior of the trmJ 
branches, and twigs of this tree, in such a manner that whd 
one strikes or cuts it, one is soon quite covered and acutely toi 
mented by them, an accident which I myself have experiencaj 
The only means by which one can get rid of them is to plunj 
oneself in water," Tnplaria is a genus of Polygonacece, forp 
ing with Ruprecktia and the raonotypic genus Podopterus tl 
sub-tribe TrvplariiiecB ; it is characterised by the remarkaq 
shuttlecock -like appearance of the fruit, an appearance caii£d 
by the three outer lobes of the perianth growing out into era] 
membranous wings, and reminding one very forcibly of t| 
fruits of Dipterocarps. The moat detailed account of the 
which infests these trees is that given by Weddell,* ' 



" The trunk, the branches, and even the smallest brancblf 
of the species of this genua are hollow, and serve as habitatid 
to a peculiar species of ant, which gives off when excited ] 
somewhat agreeable scent, resembling that of the Oicrnddee 
If one happens to touch the trunk of a Triplaris accidental^ 
especially if it ia shaken, the ants rush out by hundreds iro\ 
the interior of the tree through the small canals by which tl 
medullary canal communicates with the exterior, and if esca] 
is not made as quickly as possible one is covered with 

• " Ann. Sc. Xnt. (Bot,)." 3rd series, xiii. 202— 
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dangerous giiesta, the bite of which is much more painful in 
proportion tlian the atings'cf any other insect with which I am 
acquainted. It is a eingnlar thing that, at whatever stage of 
tlirir existence one examines the Triplarts in the forests, one 
ii always certain to encounter these ants. It is still more 
enrious that in Rvprechtia, which some authors unite with 
Trifilaria, they are never met with. I do uot think that this 
insect has ever been observed in otiier conditions than those 
iriiich I have noted ; its linear form is especially adapted to ita 
node of Me. I have had occasion to examine it and indeed to 
mffer &om its attacks in many parts of Brazil, in Bolivia, and 
in Pera,and it has everywhere appeared to me identical. Many 
(nvellers have already recorded a portion of tlie facts in cjues- 
tion, and have referred the ant of the Triplaris to Latreille's 
^111 Myrmica, but I am not aware that it has received a spe- 
ciGc name ; that of triplarina may be applied to it. It is 
tunillj of a clear brown ; its length is six or seven millimetres, 
md its breadth one millimetre ; the abdomen is cylindrical and 

■ iuile attenuated towards its lower extremity, which is hairy." 

■ ■ mta gwarm especially in two or three species, notably in 
. "'lUaiigere (so named by Weddell on this account), which 
1' called Formigueira by the Brazilians, T. Bonplandiana, and 
T. Schomhurgldana. This last species is described at length 
liy Dr. .Schomburghk,* but his description adds nothing of im- 
portance to what has been already cited ; he remarks that the 
different tribes of Indians in Guiana call it by names which 
signify " the ant-tree." 

The well-known Trumpet-tree (Cecropia peltatd) is also ant- 
inUliited, a fact to which Mr. Belt directs attention in hia in- 
leresting "Xaturalist in Nicaragua." As in Triplarls, the 
'nink is hollow, and provided within with partitions answering 
''^tiie position of the leaves on the outside, and it is in the 
spices between these partitions that the ants congregate. Tliey 
"gain access by making a hole from the outside, and then biir- 
"w through the partitions, thus getting the run of the whole 
•ten. They do not obtain their food directly from the tree, btit 
|Wip brown scale-insects IJJoccidm) in the cells, which suck the 
Juices from the tree, and secrete a honey-like fluid that exudes 
ffom a pore on the back, an<I is lapped up by the ants. In one 
cell eggs will be found, in another grubs, and in a third pupa?, 
^! lying loosely. In another cell, by itself, a queen ant will be 
found, surrounded by walls made of a brown wasy-looking sub- 
stance, along with about a dozen coccidi^, to supply her with 
ffd. ... If the tree be shaken, the ants rush out in myriads, 
■Bd search about for the molester. ... I have cut into some 

' ".-Inniil^ and MngBziae of Xntural History," i. 2G4. 
1. XIT. — SO. LIT. D 
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(Juzcns of CecvDpia trees, and never could find one that was not 
tenanted by unte. I noticed three different species, all, as fin 
as I know, confined to the Cecrapia, and all farming 8cal> 
insects. . . . There is never more tlian one species of ant in 
the same tree." 

A shnih of another order of plants was described hy Anblet, 
in the work already mentioned, as affording a home for antt- 
This is the Gentianaceotia genus Tacfda, a name which Schre- 
ber changed to Myrmecia, although this latter is discarded b^ 
all writers, for the older one, in accordance with the laws of 
botanical nomenclature. "The trunk and branches," sap 
Aublet, "which are hollow, serve as a retreat for the anta! it ia 
on tliia account that this shrub is named by the Galipis Tachi, 
which in their language eignifies ants' nest." It is worthy of 
note that from the asils of the leaves, when a flower is not 
produced, there exudes a drop of transparent yellow resin : it i> 
probable that this is employed in some way by the ants, as *» 
shall see to be the case with an excretion of the Acacia vhvii 
they inhabit. Au orchid, Scliomhurgkia tibidnia, a native of 
ilondiu^B, is also ant^tenanted. The long hollow pseiido-bulto 
have a small hole at their base through which tlie ante cntei ; sod 
BO thoroughly tako possession ofthe plant, that Mr.&kinner,^i> 
(liscovert^l it, was almost prevented from collecting specimens 
by tJie etings of the swarms which rushed out upon bim wbefi 
he touched it. It is probably to some orchidaceous plant thit 
Mr. Bates refers when lie says that the forraicarium of the 
Krazilian Crematogaater UmcUua is " in perforated glandaJsf 
swellings in the suspended air-roots of a parasitic plant." i^ 
Beccari, jn Professor Camel's previously quoted paper, says! 
"I have observed a species of Clerodendi-on, which grows at 
Savannah which baa the upper intemodes swollen, the e^tre 
being hallow, and fumi;<hed with an aperture through wbicb 
the ant.9 go in and out." In the South American secUon PijK 
sodiida, of (lie Boraginaceous genus CmtUa, the branchei »W 
swollen ut the bases of the petioles of the upper leaves: tlieie 
swellings art! hollow, and in C. iiodosa (and probably in tto 
other species of the section) are tenanted by unts, whence it i* 
called by the natives of Para Pao ilei Fomiige. 

In certain species of the genua Acacia the stipules are i 
verted into large thoins, which are broad and hollow at tho 
base. Tlicsc species were formerly grouped together under ths 
name of J. (or Mimosa) com.'igeni, and have long been knowo 
to shelter ants, l"hua Martyn, in his edition of Millw'i 
"Gardeners' Dictionary," says: "The spines are subaiillary aot! 
connate at the base, resomhling tlie horns of oxen ; they a» 
brown, shining, hollow, and the longest are more than five 
inches in length ; they are all over the tree, and when the podi 



HpSTipe and tlie leaves are falling tlipy liave a singular flppear- 
BSd& a sort of ant lodges in these thorns in immeuBe quanti- 
ties, and if the tree be shaken ever bo little, they fall down like 
a shower of rain and attack the passenger," Tlie Mimoati 
ff/rnigetrt of older botanists is now referred to various Acacias, 
such as -4. cochlianlka, A. macrantka, A. apha-wstachya, A. 
itpadigera, and others, all characterised by those large hollow 
thorns. Mr. Belt, in his already-ciuoted volume, has given so 
many interesting particulars of the relations existing between 
the ants and one of these species, which he calls the " bull's- 
hom thorn," that I shall make no apology for quoting some of 
them, especially as they differ in various points from any other 
account. "These thorns," he says, "are hollow, and are 
tenanted by anta that make a small hole for their entrauce and 
exit near one end of the tliom, and also burrow through the 
partition that separates the two liorns, so that the one entrance 
iservea for botli. Here they rear their young, and in the wet 
reason every one of the thoms is tenanted, and hundreds of ants 
are to be seen numing about, especially over the yoimg leaves; 
H one of these be touched, or a branch simken, the little ants 
^I'mtdomyrma bi/xlor, Guer.) swarm out from the hollow 
'Imrns, and attack the aggressor with jaws and sting. They 
■ ing severely, raising a little white lump that does not 
:.<ippear in less than twenty-foiir hours. These ants form a 
n.iKt efficient standing army for the plant, which prevents not 
"nljthe mammalia from browsing on the lea^'ea, but delivers it 
from the attacks of a much more dangerous enemy — the leaf- 
"rtting ants. For these services the anti are not only securely 
lloiwed by the plant, but are provided with a lx>untifal supply 
"f food ; and to secure tlioir attendance at tlie right time and 
phoe, this food is so arranged and distributed as to effect that 
rtjertwith wonderful perfection. The leaves are bipinnate; at 
"» bnse of each pair of leaflets, on the mid-rib, is a crater- 
"flned gland, which, when the leaves are yoimg, secretes a 
•"swy-like liqnid. Of this the ants are very fond, and they are 
ranftanlly running about from one gland to the other to sip up 
^ honey as it is secreted. But this is not all ; there is a still 
""re wonderful provision of more solid food. At the end of 
•""^ of the small divisions of the compound leaflet there is, 
*lieii the loaf firrt unfolds, a little yellow fruit-like body, united 
'?i point at its base to the end of the pinnide. Examined 
"■Wugh a microscope, this little appendage looks like a golden 
P*w. When the leaf first unfolds the little pears are not quite 
•Sp*! and the anta are continually employed going from one to 
SDotler examining them. When an ant finds one sufficiently 
advanced it bites the small point of attachment ; then, bending 
^1^ the firuit-like body, it breaks it off and l>eai-B it away in 
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trimnph to the nest. All the fruit-like bodies i 
once, but succeseively, so that the ants are kept about the yotiBj^ 
leaf for some time after it nnfolda. Thus the young leaf is atwaja 
guarded by the ants." This reciprocity of services l)etweeD tlie 
insects and the plant is very remarkable. Air. Belt gives other 
details on the subject, for which reference must be made to lii> 
work. He adds that the Acacia is sometimes, although less fre- 
quently, tenanted by another ant, a species of Crenvatogastsr, 
which occupies the whole tree to the exclusion of the /"seu- 
domyrma, and makes its entrances to the thorns near the centj* 
of one of each pair, and not near the end. Although the thorns 
are so hollowed out that only the hardened shell remains, the 
tree receives no injury from the ants, and the thorns increase in 
size in consequence of their visits. Air. Belt says that plants of 
the Acacia raised in his garden were not touched by the ante, 
and that the thorns turned yellow, and dried up into dead bid 
persistent prickles ; this, however, may have been due to an un- 
suitabiiity of habitat. Mr. F. Smith, of the British Slusetini, 
has directed my attention to his description* of a species of 
Peeudomyrma (P. modesta), forwarded to him by Sir. Stretch* 
from Panama. Ho gives the following account of the nest of 
this ant : " It consists of the large hollow thorns or spines of a 
species of Acacia. The spines are three inches long, tapering 
to a point from a broad base. The ants gnaw a small hole to- 
wards the point of the spine ; the broad base then forms an 
admirable domicile for their young brooch There arc no cell* 
or divisions of any kind for the reception of eggs or lar\-a. The 
number of pups found in one nest was seventy-nine, and about 
twenty mature ants, all workers. These ants sting verf 
violently," 

The leaf-dwellings of ant« are foimd chiefly in some closely* 
allied genera of MelaBtomacecB, all natives of South Americs* 
It is worthy of remark that, with the exception of Myrmeco^^ 
and Hydnophytum, which are in almost ev^ry respect veiy 
different from the other ant-inhabited plants, all the genW* 
which have come imder my notice in connection with this awb" 
ject are South' American, and I find no instance of similar 
phenomena either in Europe or Africa. lu these MelastovVf 
cecB, belonging to the genera Tococa, Cidupkyaa, Maleta, iHr 
crophyaca, and Myrmidone, it is usually the petiole which i» 
adapted as a residence for the ants. The description given by 
Aublett of the means by which this is effected in Toooeit 
guianensia will apply, with slight modifications, to the ot. 
genera. "The leaves," he says, "are attached to the stems 

" "Tmni. Entom. Soc.," 3rcl aeries, toI i. pari 1. 
t *' Plaates de GuijUio," i. 4S^. 



^^'Cmall petiole, fumiiihecl with liairs, whieli is hollowed out into 
it groove in its upper BUi-fuce, and is convex below; the two 
Bides of whiuh swcU'and enliuge, forming a double heart-shaped 
bladder. This bladder corresponds with two holes, which are 
placed on the under eide of the l«tse of each leaf, between the 
two intermediate nerves. It is by these two holes that the 
ants enter and go out of both divisions of this bladder; and as 
the stems are hollow, the ants enter them by different openings 
which they make in them. It is to this that the plant owes 
the name iiUl de fouvrnis, which baa been bestowed upon it by 
some of the natives, for it is always, so to speak, covered with 
these insects." This singidar arrangement has not escaped the 
notice of Mr. Belt, who observed similar MelaetOTiiacem at 
ParJi and in Northern Brazil. He says: "Every pouch was 
occupied by a nest of small black ants ; and if the leaf was 
shaken ever so little, they would rush out and scour all over it 
in search of the aggressor. I must have tested some hundreds 
of leaves, and never shook one without the arita coming out, 
ticepting one sickly-looking plant at Farfi. In many of the 
pouches I noticed the eggs and young ants, and in some I saw 
a few dark-coloured coccidoi or apkidea ; but my attention had 
not been at that time directed to the latter as supplying ants 
with food, and I did not examine a sufficient number of pouches 
to determine whether they were constant occupants of the neata 
■'•T not ; but my experience since with the Cecrnpia trees would 
lead me to expect that they were. If so, we have an instance of 
two insects and a plant living together, and all benefited by the 
eompaniomihip. The leaves of the plant are guarded by the 
•Dts; the ants are provided with houses by the plant, and food 
ty the coccidiv or apkidea ; and the latter are effectually pro- 
*«ted by the ants in their common habitation." The structure 
^ tlie bladder in the other Melastomaceous genera named 
"iffers but slightly from that of Tococa guiantaisis ; in some it 
"MniB part of the leaf, while in others it is somewhat separated 
'Km it J it varies in form between round, oblong, and heart- 
"Wped, as may be seen from the accompanying tigures. Mr. 
•l*il, who is at present investigating this subject, writes &om 
witarem to Dr. Hooker (who has kindly lent me his letter), 
'^■Ai least three speciesofant inhabit a Melastomaceous plant, 
^oicli he believes to be Myrmidorie formi<:aria. He says: 
"Tbe leaves of the Myiinldone frequently bear hardly any trace 
w Uie bullsE, even on the same twig on which occur largely- 
«^doped bulhe ; ants are usually to be found in them, but not 
"T My means constantly, while sometimes they arc taken pos- 
**Bon of by solitary bees and wasps," Of another Melastomacea 
w writes : " Of it I have only as yet seen two bushes ; on one 
of them every bulla was tenanted by ants; on the other not 
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one was so occiipieil, tbougli the buUiferoiis laites lutre dui^H^M 
small ants' nests on tlieir under snrfiice, commonly just orertfce 
orifices." It is to ]if. hoped tliat Jlr. TrBil's fiittlier researchw 
will add additionni information to tliat which we at present 
poHsess on tliis interestinj^ subject. The ants inbaldtiag Uir 
Melitsto'mace(Eiippe\ii to b*" ■jiiite as pugnacious as those of otiiri 
plants. Mr. Spnice, in n manuscript note iti the Kew Ueri«- 
rium, speaks of JUymwloiie as tenanted by " a small fiery tuii 
whose sting I shall long remember." 

I do not know that instances of leaf-bnbitation have been w- 
corded in anj other order of plants; but I bi.-lieve ail inatanw 
may be found in a .South American Ifubiaceous plant, now le- 
larred to Remijiii, but distributed by Spruce under tlio aaait 
q( Lctdenbe)'gia(?)phi/8<ip/torii. This plant has hollow blsd- 
ders at the base of the petiole, which, judging from tlieir 
analogy with those of the Meluatomacea, may be tenanted by 
ants ; tbe stems also are hollow. 

Thiii is, so tar a& I am aware, a summary of wbat bas been 
liitherto recorded upon this curious and interi«ting subject ; anti 
although I have brought forward no new facts, I am not with- 
out hope that, by directing attention ia tbe matter, turtliel 
information miiy be obtained. It is almost certaiu that mtinv 
more plants will be found to oSer a borne to ants. I have beW 
mucb struck with tbe ventricose hollow swellings which almost 
uniforody appear on the stems of Nifptls SaJzmaiiiii, H. caJo- 
phyUa, and other allied South American species and wbicl* 
suggest the probal ility tbat these also may be inhabited bV 
ants ; but this is only an hypothesis. 

The following is a classified list of the plants wliicli I ha^o 
mentioned, showing tbe part which is affected in each :— 

LBGiTinKOs.E, — Acao'ui, various species (thorns). 

(1.) Melastouack-B. — Tococii-, Cahphyaa, Mia'ophgBa, M^f^ 
niidone, and Mtueta, various spp. (pelioles and leaf bases). 

(2.) UUBIACE.K. — Afifrmecodia and Hydnophijiiun (tuben)? 
(?) Reinljiii, sp, (petioles). 

Gbntiahace^. — Tachiii guianeiiaia (stems). 

Bo&AaiNAfX^. — Coi'dta nodosa (bases of petioles). 

Verbknack-E. — Cleroiiendmn sp. (intemodes). 

PoLYOosACB-K, — TvlpliirU spp. (trunks and branches), ^ 

Artocahi'Ace^. — Ceciop'ui pdtuta (tjunka and branches). 

0»gniiJACE.E. — Schomlrarffkht tibicinis (pseudo- bulbs). 
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EXPLANATION OF PLATE CXVIIL 

Fig. 1, Section of tuber of Myrmecodiay from a specimen in the Kew 

Museum, showing the galleries formed by the ants. 
Fig. 2. Small plant of IlydiwpJnjtnm formicantmy from a specimen in the 

British Museum. 
Fig. 3. Thorn of Acacia sp., from a specimen lent by F. Smith, Esq. 
Fig. 4. Petiole of Tocova macropJii/sca, Spruce, from the British Museum 

Herbarium. 
Fig. 5. Petiole of Tacoca gnianensisj Aubl., from the British Museum 

Herbarium. 
Fig. 0. Leaf-base of Tococa bullifera, Mart, and Schrenk, from the British 

Museum Herbarium. 
Fig. 7. Leaf-base of Tococa macrospenna, Mart., from Martius* *' Nova 

Genera et Species Plantarum." 
Fig. 8. Leaf- base of Maieta hi/pophf/sca. Mart (back view), from Martius* 

" Nova Genera ct Species Plantarum." 
Fio. 0. The same, opened, from Martius' " Nova Genera et Species 

Plantarum." 
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A LITTLE bt'fori- fii-c (..'clock on tlie mommg of the — -^ 
of liwl. Ochibur, a train of four barges was being towed V} 
a fttcminT iiloijg tbe Regent's Canal, in the nortli-western dis- 
trict of Lumloii. The Bccoud of these barges was laden witi* 
mincetlaticoiiH cargo, packed in such a manner, and containioii 
such wlcmentH, that the barge was really a \ery efficient kind irf 
torpedo. In her hold there were about five tons of giinpowdw 
and a (niantity of benzoline in kegs. This benzoline may Iw 
di'hcribetl as a very volatile species of petroleum. At. ordinMy 
tcnipcratures it gives off a highly inflammable vapour, and tiiiSi 
wlioii mingled with the air in certain proportions, becomes 
explosive — the explosion running through it at the rate rf 
about two feet per second when it ia confined in a tube. In ttW 
caiie of the barge on the Regent's Canal, the cargo was cloself 
covered with a tarpaulin, to protect it from the weather. From 
the moment, then, that this covering was put on by the barge- 
men, the vapour given off by the benzoline began to accumulale 
in tlie bold, and mingle with the air confined in the spaees 
between the various packages of tbe cargo. Tlius the hold 
gradually became tilled ^vith a fiery explosive atmosphere, and 
all that was wanted to produce an explosion was contact witli 
flame. In the little cabin, at the st«ni of the barge, a fire was 
burning, and tliere was an aperture in tbe bulkhead, or porti- 
i^on, which divided the cabin from tbe hold. Througli this tlie 
benzoline vapoiu: entered the cabin, and the air in it was sooa 
as vitiated as that imder the tarpaulin in the hold. It was 
ignited by the fire ; the explosion, beginning in the cabin, ran 
forward in a few seconds to tbe bow, and fired the gunpowder 
stowed there. 

Everyone knows what followed. Half London was awakened 
by the report, which was heard for miles around — to the 
w.ird as far as Einchley and Enfield, to the southwai-d 
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L Blackheatli and Woolwich. Witljin a radius of frum lialf-a-mile 
I to u mile from the scene of the explnsiou houses were wrecked, 
I windows blown in, doors burst open, ceilings shaken down, 
I ornaments aad fiiroitnre dashed, to pieces. A massive bridge 
^ the canal was destroyed, for hundreds of yards its embank- 
ment was displaced, and the house whicli stood nearest to it waa 
80 shaken that it had to he pulled down next day. The effect 
was more like that of a severe shock of an earthquake than 
anjt.iiinij ^^^^' I'urtunately no lives were lost except those of 
L the crew of the barge, but the destruction of valuable property 
I Vaj enormous. 

Much alarm has becu caused not only in Loudon but 
" thioughout the kingdom by this explosion in the heart of the 
uetiopolif, and it will liave a useful effect in calling attention 
to the dangerous character of a material so largely employed as 
■ guopowder, and the consequent necessity of carefully regidating 
I it8 autoufactm'e, storage, and transport, and seeing that these 
, ngulations are strictly enforced; for no matter how perfect our 
I pRCButions may be in theory, they are worse than useless if we 
I cannot Beciire their practical efficiency. Without this, their 
oolf rss<Ut must be to lull us into a false security, (iiinpowder, 
1 »Bii its manufacture and transport, are now subjects in which 
I wsrly everyone is interested; and we purpose to devote the 
I ftliowing pages tn an accaimt of the nature and action of this 
I oplosive, its manufacture, and the principles involved in it, and, 
1 uilly, its transport, and the precautions nece^sa^y for our 
I Wnrity against explosions like that of last October. We shall 
I doEtibe the process of manufacture in use at the Government 
I Mb, as these are probably the most perfect and efficient in the 
I Ungdom. 

I'Hfteen miles to tlie north-east of London, between the slug- 

I pill ttream of the River Lea and the northern heiglits of 

I ^"I^ig Forest, stands the little village of Waltham, famous for 

I III old abbey, founded hy the last tsaxon King of England, and 

I dettioed to be his tomb after the fatal field of Hastings. On 

I tefli tides of the high-road beyond the village extends a wide 

baetof flat alluvial ground, traversed by the branches of the 

I**, and rich in plantations of willow and alder, with here and 

tiitti stately rows of poplars. A tall chimney shaft, the roofs. 

«f«attered building?, and a range of houses near the road, 

mdicatetliat these well-planted fields are the site of the Rnyal 

Cnnpowder Factory. 

' Tba Waltham Abbey Mills are probably the oldest in Great 

i Britain. They must have been established about the middle of 

«nxteentb century, for we know that before that time nearly 

1 the powder used in England was imported from the Conti- 

But in 15C1 we bear of John Thomworth, of Waltham, 
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buying, as agent fnr Queen EHzaljetli, saltpetre, suljj 
staves lor making barrels. In the following century the pariri 
register allows entries uf deaths resulting from explosions al tb 
mills : and Fuller, who was rector of Waltham, alludes in oue a 
his works to the dangers of the manufacture, remarking tliat 
the mills were blown up five times driring the seven years of to' 
residence in the parish. The only wonder is that esplosica 
were not far more frequent in the old factories, where the elabv 
rate precautions now adopted were utterly unknown. Powder 
was allowed to acuiunulat« in heaps on the Hoor, spirits of mi 
\iiia used instead of water to moisten th« ingredient^ under ti 
impression that it made )>ettor and stronger powder, and tb« 
drying process was effected by heating the powder on i 
plates over a lire without any means of regidaling the t«mpeii> 
ture. Finally, all the workrooms wero elowe together.and oftrt 
under a singli^ rorif, so that if the ]K>wdt^r in one room esplode^ 
that in the rest would follow, like a boy's train of enickers. 

It was in 1787 that Government bought the WiiU.liam MiHt 
from the last private proprietor, .Mr. .lolin Walton, GUpp<»«d bf 
some to have been a descendant of the family of old Izaalt 
Major (afterwards Sir William) Conp-eve was the first superior 
tendent. Horse and water power only wore emjiloywl, mostw 
the machinery was of wood, and the incoqjorating mills we» 
like mortar-mills at the present time, worked only by lioiw 
Since then great improvementsi have been introduced into tl 
manufacturing process ; the factory has been widely esteodtd) 
gun-metal and copjjer have lieen largely substituted tor wnodii 
tJie structure of the machines, re fining-houses have been ere* 
for puritying the saltpetre and sidphur, and retorts for prept 
the charcoal. Machinery has been designed and erected for tl 
preparation of the large cannon powder introduced of late J 
and in the mills iron runners, driven by steam, have taken tl 
place of the stone runners, drawn by old horses. A compltt 
code of rules aud precautions have been introduced, and eVK 
building protected by a system of lightning-conductors. Tb 
factory gives employment to about two hundred men, and a 
produce twenty-four thousand barrels of gunpowder in the yai 
and the powder is believed to be at once the best and cheapi 
made by any existing factory. 

Before describing the process of its manufacture at Wa, 
it may lie as well to note a few facts on its composition ■: 
action. Gunpowder may Ije. rej^rdod as a soli(i, which, fc; 
ignition, can l>e very rapidly converted into a large volume 
gas at a high temperaturc. It is tliis quality which eonstito 
it an explosive, for the sudden espausion is what we c " '^ 
I, though tlie name is sometimei given to the lot 
ch accompanies it, caused by the ouirush uf the | 
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itiag sound-waves in tlio air. Wlien the esplosinu ocoui's Jn a 
□nfined space, t.lie weakest portion of the coDtiniii^ bodit't^ f^iveij 
my before it. In quarrj'ing, the rocks are rent, us tlio gas from 
he blasting-powder forces them apart. In blowinjj; down walls 
lod gates, the mass of earth heaped on one side to fovm the 
'tamping" offers a greater resistance than the wood or stone 
in the other, and the wall or gate yives way. In firing a 
cannon, the loose shot offers less resistance than the solid coils 
of the gxm, and it is driven out to a distance proportioned lo 
tlie force of the charge. If there is any defect impairing the 
strength of the cannon, or if the shot wedges in the Iwre, the 
gun bursts ; for nothing we know of can resist the force of the 
gas. Recent experiments prove that this force, exert«Ki in 
closed vessels unrelieved bj expansion, is equal to a pressure of 
about forty tons on the eqitare inch. 

Of the threematerialsofwhidi gunpowder consists — sulphur^ 
charcoal, and saltpetre — only the two last are, strictly speaking, 
eMcntial to it. The gas is actually generated from the charcoal 
Md saltpetre, therefore a mixture of these only wilt explode. 
Ooi^iitiun the charcoal decomposes the saltpetre, its combus- 
tion being supported by the oxygen of the latter, in combination 
"ith which it forms carbonic acid gas, and this, mixed with the 
uitiojfen fi'om the saltpetre, is theyita which produces the useful , 
effect. But when gunpowder is thus made with saltpetre and 
dmrconl only, the power developed by tlio explosion is com- 
pu&Uvely trifling, and sulphur has to be added to increase it to 
^uch nn e.\tent. as to make it really eflicient. The sulphur acta 
ia two ways to this end. In the first place, it ignites at a lower 
'emperaiuro than either charcoal or saltpetre, and its combustion 
swelerateB both the decomposition of the saltpetre imd the gene- 
ration of gas, by combining with the potassium of the saltpetre 
Md liberating the oxygen. Then, by heating the carhmiic acid 
Md nitrogen, it considerably increases their volume, and, con- 
•Kiuently, their explosive force. The flash, and smoke, and the 
feiiling of the gun, are the result of the decomposition of the 
•Jtpetre, and consist of sulphates and carbonates of potassa, 
fttuUing from the combination of potassium with the sulphur 
Md carbon. The substances thus formed, swept out into the 
*ir. lieconie flame and smoke, or remain in the l)ore of the gim 
*' fuuling, and it is these solid substances that blacken the faces 
nf men engaged in close conflict. 

Tljus we see that of the materials of gunpowder saltpetre is 
"le moat importiLnt. Both saltpetre and sulphur arrive in 
^glaud in a rough state, mixed with various impurities. It is 
RMienilly the practice in private factories to purchase these 
materiaU after they have been refined elsewhere ; but at Wal- 
ibain the refining pi^ocess is carried on witlun the works. By 



thiii meiuis tbf mntpri&l^ are iiliininttl uf a uniform quality uA 
perfectly pure. Tlie saltpetre comes from »"ario«8 districts ol 
India, chiefly from Bcugal anil Oude, where it is found nifttd 
with tlic soil, and as an iacru^tntion on the ground. In IndH 
it is boiled, and ro&ghlr crystallised by evaporation. Wbeoft 
ie reqtiired for use in the Gunpowder Faetory, it is purified bj 
a process founded on the principle that hot water will roceireio 
solution more of the saltpetre than of tlie impurities mingled 
with it. The sultpotre is Iwilcd in water : the resulting Golutioa 
is then filtered and allowed to cool in large vats, at the bottom 
of which the pure saltpetre is deposited in fine crystals. It is 
then washed, dried, and stored in bins, great care being token 
that no Band or gtitly particles are introduced, as they migU 
cause an explosion when under pressure at subsequent stageml 
the manafacture, and the same precaution is taken with tilft 
fiulphur .and the charcoal. It is believed that many of tJieei- 
plosions which occur in private factories are caused by foreign 
suhstances being present in the materials. 

The sulphur is all of the best quality, imported from Sicilj 
It is purified by a distilling process, which reduces it from iiJ 
rough state to musses of handsome yellow crystals. It is thw 
pulverised by being ground under iron runners, and sifted lAl 
kind of revolving cylindrical sieve, called a ** slope reel." Tlu 
sulphur refining-house is, of the whole factory, the least pleann' 
portion for a visitor, the air being always tainted with Ih 
fumes of the sulphur, which are so strong as even to bum BU 
destroy the leaves of the trees near the building. The manRgft 
ment of the process is, however, by uo means an unhealtli] 
labour. The workman last employed at it died as a pensioDe 
at the ripe old age of eighty, after having worked forty yean b 
the refining-house. 

The charcoal is all made on the spot, chiefly from wood iOl 
ported from Holland and G-ermany. The alders and willows i 
tbeplantationsof the factory furnish but an indgnificant suppt] 
probably not enough to make a doi-^n barrels in tiie year. Tiie 
arc grown for the most part to form screens around and betwee 
the bouses, bo as to diminish the danger resulting from a pa 
flible explosion. I'he wood employed is of three kinds — aldt 
and wiUow, which are used for common powder, and black do( 
wood for fine rifle powder for the Snider and Martini-Heii; 
The latter wood is really a kind of buckthorn [Rhamnus frm 
!jula)y of slow growth, and, consequently, close grain, whifl 
forms dense thickets in the forests of Germany, and is al 
found in the north of England and elsewhere. It is imporU 
in bimdles of slender rods about six feet long, and enonmM 
quantities of these bundles may lie seen stacked i:i the fields < 
the fac:tory. There it is kept for at. least three years, thdug 
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gfEerally it is allowed to lie in store for a much longer time. 
Some wood has been kept for twenty years, protected from the 
feather by a roof of thatoh, and is still perfectly sound. 
Strange to say, comparatively little dogwood is used in the 
powder factories of Germany, though it is quite certain that it 
mpplies the best charcoal for the purpoee.' The old plan for 
charring wood was to burn it in pits, and this- is still the prac- 
tice abroad, but for many years the charcoal at Waltbam has 
titen manufactured hy sawing the wood into short lengthB, and 
lacking it into iron cylinders called " slips," which are placed 
on u small carriage, and run into a retort very like those med 
in gasworks. Here the slip is exposed to tho flames for a period 
varyiag from two and a-half to three and a-half hoiurs, the gas 
i»uing from the wood in the process being utilised as fuel; and 
the superintendent of the work knows when the wooil is com- 
Jiirtely charred, by the peculiar colour with which the combus- 
tion of the gas tinges the fire. As soon as this appears, the slip 
ia withdrawn and cooled. The charcoal when taken out is 
ground in a machine like a colossal cofiee-roill, and tlien, like 
ti« sulphur, sifted in a slope-reel 

The three ingredients are now ready for the regular process 
of manufacture to be commenced. Up to a certain point (the 
formation of the " press-cake ") tlie process is the same for 
ithstever purpose the gimpowder is intended, but at that point 
it divides into two branches, according as it is to be used for 
Heavy guDs or smaller weapons. We shall, therefore, first trace 
tie various stages of the manufacture up to the press-house, and 
then explain the method of making the various kinds of gun- 
powder, and the objects desired to be obtained by these modifi- ■ 
nations. 

The first process ia that of simply mixing the ingredients. 
I^orthis purpose the proper quantities of each are accurately 
Weighed out, allowance being made for a certain amoimt of 
moisture in the saltpetre. The proportions vary in different 
Wantries, and according to the purpose for which the gim- 
powder ia to be used. For Engliah Government powder of every 
kind it is — saltpetre 75 parts, sulphur 10, charcoal 15, the 
nilphur being reduced almost to a minimum, as its chief use is 
>nly to ignil* the charge and accelerate its action. In France 

" M, Proust's experiments on clmrcoal, made from various wooils, give 
be (ollowiDg results : — 12 grains of cborcoal of eacli wood, mixed with 60 
Tmins of ealtpeCre and ignited, yielded the following praportioos of gas in 
nUciiichea: Dogwood, 80-64; willow, 76-78 ; alder, 74-75 j filbert, 72; 
if, 78 { elm, 62 ; oak, til-tiS, Tbe importance ofoot overhe«ting the wood 
! ebown by the fact, that when tbe charcoal consisted of overheated willow, 
h« yield of gas was only from 50-00 cubic incbex. 
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iind Prussia the (lUantlty of sniphur ie larper, the scale bdag 
miltpetre i5 and IS'A partj eadt of sulphur nod charcoal, whtk 
iti Chinese powder the amount of sulphur is between 14 and ]3 
It is remarkable- that in all countries the pnipartlon of sultpMn 
remaina about the same. 

The infrredients, being weighed for a cliai^ nf 50 lbs., a 
poured into a " chum." This is a revolving drum, placed hori- 
jontally, and having within it an axis revoli-ing in a differsnt 
direction from the drum, and furnished with eight rows of pro' 
jecting nrms, or '• tlyers." So rapid is the actinn of this appa<( 
ratiic, that, when the charge has l>oen three niinutfls in the 
revolving chum tJie ingredients are tliorouglily mixed togetJier. 
It is then known aa a '■ green charge," and is ready for the 
incorporating mills, the object of which, as the name indicateli 
is to ineorp'trate the material, or to make the mixture » 
intimate that a new Buhstance is produced, namely, gunpowder; 

The incorporating-houses at Waltham contnin at preMSt 
thirty-two spparat* mills. Eacli mill consirts of u pair of p 
ners, coupled together by a strong axle. This axle tmAs bLUt 
socket of an upright shaft, which, passing down throu^ ttV 
raill-becl, is connected liy bevel-wheela with a revolving hoH- 
^ontal shaft, driven by steam or water-power. The runneivvf 
ffllher of black Derhyshire limestone or of iron, and woigh i 
three and a-half to four tons. Iron ninnerB are now generally 
nsed, and their size varies from three and it-half to seven feet's 
diameter. The ini114)e<l, a large circular vat with a flat botUW 
and sloping sides, is of xtone or metal, according to ths n 
tertal of the nmnern. On this Ijed 50 lbs. of the green chaijl 
is spread out and moistened with water, and the mill is tbif^ 
set going. The length of time required for the incorporatiffi 
of the powder varies according to the use to which it is itfTx 
applied. Thufl cannon powder is left under the mills for tioM 
hours; while for rifle powder, which requires a closer incorpf 
ration on account of its more rapid action, the time is fn 
hours. The power of a gunpowder factory is mcasmed by til 
nunilier of pairs of runners it possesses, for aa the law allowB-B 
more than 50 lbs. to l»ri phiced in any mill at one time, til 
smoimt which can be incorporated in a year is eaeily calculatad 
A jinir of iron runners, driven by steam and working day a 
night, will incoqKirate in a year nearly 100.000 lb=. of c 
powder, or about half that (juantity of rifle powder. 

This part of the process is more dangerous than any othd 
and explosions in the incorpo rating-mills are very freqaent 
The houses are built of light planking, nailed on a strong fi 
work, so as to diminish the force of the explosion by yi«| 

Bily before it. The men are forbidden to remain f 

"e the mill is iu motion, and a very Bimpic arrangei' 
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lieen devised for prcrt'enting no explosion from eitending from 
one mill to another. A shaft runs horiiontolly through the 
upper part of the n'slls of each row of mill-houses. A shutter, 
hulauced by a weight on the other side of the shaft, projects 
from it over each mill, and this shutter support* one side of a 
water-tank, the other resting on a pivot. Now, if an explorion 
tnkes place in any of the mills, the bhutter above it will be 
blown up, turning the horizontal shaft, and raising all the 
shutters attached to it ; so that the tanks, being left unsup- 
ported, turn over, and drench Uie contents of the milt-beds 
liclnw. 

On leaving the mill, the gimpowder is in the form of a soft 
cake, which easily breaks up into meal and dust. The old plan 
for making gimpowder, atill followed in some places, was to 
luoir^n this mill-cake and force it through tine sieves, so as to 
liri-ak it into grains ; but the moisture partly dissolved the salt- 
pelre, and thus, to some extent, destroyed the previous incor- 
[lonition, and the result was an inferior gunpowder, which, on 
■Ji'ciiunt of the softness of the grains, often broke up into dust 
in transport. In the modem process, tiie mill-cake is first 
pressed in layers between plates of copper or gun-metal, to 
increase its hardness and density, and then made into grains of 
ilie required form by machinery. As a preparation for the 
jms?, tJie mill-cake is roughly broken down into meal and dust 
lij Wing passed between grooved gun-metal rollers. It is then 
[»dy to be poured into the press-box. 

Tiiis is a large box of gtm-metal, lined with oak, and 
O^ble of holding about KOOlbs. of powder. The sides 
We hinged to facilitate unloading, and by means of a small 
ciann it can be swung into or out of the hydraidic press. To 
l* loaded it is turned on one side, a wooden cover placed on the 
Iflp! and the uppermost side is tiu'ned back on its hinges. Then, 
1? Deans of gun-metal racks, the plates are arranged in the 
W.with the proper intervals between them to produce a thick 
olte for cannon powder, or a thin one if rifle powder is to be 
■Mile. The powder meal is then poured in between the plates, 
Ule racks withdrawn, the side closed and bolted down. It is 
•^ swung by the crane on to the table of the press, and the 
WTer taken off. The press is an ordinary hydraulic one ; the 
•itie which supports the box is placed on the head of the ram, 
WmI as it rises a block of oak fixed overhead enters tlie box, and 
pfttaea the powder, the amoimt of the pressiure being measured 
°J the extent to which the block enters the box. The pumps 
■^idi supply the press with water are fixed in an adjoining 
■Wn, and worked by a water-wheel ; and in order that the men 
••^ know when the pressing is complete without having to 
vter the press-room, a kind of catch and trigger is attached to 
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forced up to the required 
coming in contact with it, and rings a bell in the pump-room 
The piunps are then plopped, the ram falls by its ovra weight, 
and the box is unloaded, the gunpowder being t^ikea out in 
large cakes the size of the metal plates, and as hard an elate. 
is in the pressing of the gimpowder that the most serious explo- 
sions occur, for if by any chance the pressure becoraea too 
Bevere, and the powder explodes in the box, its force is mucli 
greater than if it were ignited in the open air. Seven men wtw 
killed by an explosion in the press-house at Waltbam Abbey in 
1843, and by a similar accident on June 16, I6T0, five ven 
killed and seven injured. 

Tlie question of the densitygiven to gunpowder by pressing «aiJ 
its effects is one which is only now being worked out. ForHKilj' 
tlie density of the powder was roughly ascertained by weighitig 
a cubic foot of it, and then its quality was tested by observing 
to what distance it would Hre a shell from a mortar. ThW 
primitive methods are now superseded by a testing apparatus, 
which gives scientifically accurate results. The density is de- 
termined by reducing a small quantity of the powder to dust in 
a mortar, and then placing it in a glass globe provided witli 
atopcocks, one of them connected with an air-pump, and the 
other with a tube dipping into a vessel of mercury. On es* 
haunting the air, closing the first cock and opening the second, 
the mercury is forced into the globe, and completely fills it. It 
is then weighed in a delicate balance, antl, its weight when filled 
■with mercury only being known, it is easy to calculate the 
density of the gunpowder. 

Its force ia ascertained by observing the initial velocltis* 
which it will give to a shot fired from a cannon. These veloa- 
ties are measured with Bashforth's Chronograph, as explatoMl 
in a former article in the PorirLAR Sciesce Kevikw ; " and witll 
the Noble Chrouoscope, the invention of Captain A. Noble* 
the Elawick Works, by meanti of which we are enabled to 
tain what takes place in tbo bore of the gun on tlie explosion W 
the charge, and what is the velocity of the shot, not only in tbi 
wliole length of its couree within the gun, but also in ead 
portion of that short distance, thus detennining the velocity 
within very small limits both of time and space, and this wiU 
the most perfect accuracy. 

It is difficult to describe the chronoscope without a diagrato 
but it is easy to indicate the general principles of its action u 
a few words, and this will be siifScient for our purpose. A gm 

• " On the Striking Velocity of Shot," Br W. Il-ivsloa Tigotl, SI.D. 
^fce. R., Jan. 1871. 
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laving been selected for tbe espen'ment, six or eight liules are 
drilW in one side of it, penetrating to the bore,at intervals along 
itoleugtli from tLe seat of the shot to the muzzle, Through 
i-:ii'!i nf these boles an insulated wire enters the gun, its lower 
■luiiT being in contact with but insulated from a eharp 
!,■ edge, ao arranged in the bore of the gun that the 
.-.: of the shot would force it down upon the wire and 
....iiuytlie insidalion. Each of tbe wires is connected with the 
BtwuiLiry wire of an induction coil. The recording apparatus 
coDsists of a series of discs of polished silver, coated with lamp- 
Uitk, und made to re^'olve simultaneously by the action of a 
filling weight and multiplying wheels at a very high velocity. 
One of these discs corresponds to each of the wires, tlie end of 
»hich is placed in a small discharger close to its circumference. 
Oo firing the charge the shot cuts the insulation of wire after 
wirt in rapid succession, and as each is cut a curi'ent passes and 
aspark darts from the discharger to Ihe edge of the revolving 
disc, striking otf a speck of the lamp-black, and leaving the 
bright silver bare. Now, supposing tlie velocity of the circum- 
fetrace of the discs to he one thousand inches per second, and 
the mark of the electric spark on the second disc to be one inch 
fatlher on than that upon the iirst, this would show that the 
shot took the one-thousandth part, of a second to pass from the 
fifstwire in the gun to the next. Similarly, if the distance 
between the marks on the first and last discs were five inches, 
tliis would indicate that the time the shot took to traverse the 
•We length of the gun was five-thousandths, or one two- 
hundredth of a second. In reality, the time is even shorter than 
this. In Ihe lO-inch gim, a 300-lb. shot, with a charge of 43 lbs. 
of powder, passes down the bore in something Iciis than the 
une two-hundred-and-twentieth part of a second. So delicate 
IS tliig apparatus that, by dividing each inch of circumference 
<|f the discs into thousandths with the help of the vernier, the 
one-millionth part of a second would become an appreciable 
quantity. 

tt ie found, by careful experiment with these appliances and 
tlie crusher gauge (by which pressure is estimated by the com- 
p[»Mion of a copper cylinder placed in the bore of the gun), 
'•'It the denser the powder is the slower it bums, giving a 
'™M initial velocity to the shot, and exerting a smaller strain 
"" tlie gun. As an instance of the gi-eat differences caused * 
"? the smallest variations in density, we give the following 
■^tts of an experiment with the 1 0-inch gun, with a charge of 
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Here an increase of -05 in density reduced tbe velocity by 41 
feet, and the pressure by 8 tons. TTiis sbows the importance o 
obtaining a uniform density in the manntactiire. P"or thi 
purpose it is not sufficient to use a uniform pressure in thi 
prePB-house, as even then tbe density of different pressings wil 
vary on account of the changing state of the atmosphere, th« 
dift'erent Oogrees of moisture in tbe powder meal, its varying 
bulk and elasticity, and other minor causes. The only practi- 
cable method of securing an approximately uniform density ii 
to test the product of various pressings and theu mis them, b 
as to reduce the whole to the average density required, and this 
is the constant practice at Waltham. 

We have alluded incidentally to the decrease of pressure ia 
the gun as the density of the powder increases. With the im- 
mense guns constructed in recent years it is important to reduce 
the strain on the metal as far as possible, as this is the only my 
in which the gun can be safely tired. But it must be remem- 
bered, that by seeking to accomplish this by indefinitely 
jncreasing the density of the powder, we would at the bui 
time decrease the velocity of the shot, or, in other words, it 
Tiseful effect. Artillerista have, therefore, had recourse to the 
expedient of using a powder, each grain of which is a lump of 
press-cake. The effect of this is to make it bum slower than 
grain powder ; for these lumps, when ignited at tbe surface* 
bum, as it were, in concentric layers imtil the whole ia con- 
sumed, and by this means tbe explosion, though to all appeal^ 
ance instantaneous, ia in reality much more gradual than that 
which follows the ignition of smaller grains. In other wordsj 
the explosion of tlie charge in a heavy gun is made to be lesagf 
the character of a violent blow on tbe sides of the bore and Uift 
Irnse of tbe shot, and more like a gradual above given to Uw 
shot with a corresponding pressiu-e on the gun. 

The first form proposed for cannon powder for heavy guns 
was that invented in America by Dr. Doremus, in which the 
whole charge waa made into a aolid disc, the size of the bore of 
tbe gun. This, however, was found to give very unsatisfactoij 
results. Then the Russian Government adopted a powder 
pressed into large hexagonal prisms, and in Belgium another 
powder was made in the form of cylindrical pellets. This v 
adopted by our Government, and an immense sum was spent on 
erecting machinery at Waltham for its manufacture, but the 
pellet powder has since been superseded by a simpler form, miu^ 
easier to make, and giving better results ; and the pellet mtr- 
chinery liaa been altered, and, we l»Ueve, ia now used in titt 
manufacture of gun-cotton. 

The pebble powder now in use consists of cubes of cotaji 
L gunpawdei', with sides about four-tifths of on inch I 
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Tbese pebbles are made by p^iasing press-cake of tbat thickness 
lietween two pairs of rollers, armed with sliarp-cuttlng edges. 
The first pair of rollers by means of these edges cuts the cake 
into several small bars, about four-fiftlis of an inch square at 
the ends, and these bars, on passing between the second pair of 
lollera, are divided into cubes or pebbles. After having been 
lUed in a hollow cylinder, or reel, to round off the sharp edges 
id get rid of the dust, the pebbles are carried to the drying- 
house to be freed from the moisture they contain. 

The drying-house is a large room with double doors, and 
fitted with racks from floor to ceiling. On these racks copper 
and wooden trays are placed, containing the powder spread out 
in thin layers. Steam pipes are introduced from a boiler in an 
adjoining building, and thiis the air of the room is kept at a 
temperature of about 135°. The firemen in charge of the 
drying are forbidden to enter the room for fear of carrying in a 
■'park in their clothes, but they ascertain the temperature by 
a register thermometer placed inside a small window, and this 
thermometer also acts as a tell-tale, by showing if the tempera- 
tare has at any time Ijeen allowed to become too high or too 
low. So periect are all the urmngements at W'altham, that no 
eiplosion has ever occurred in the drying-house. 
The dried pebbles are fiuished by being placed in a revolving 
rel (called a glaring barrel), with a certain amount of 
'dered blacklead. On being taken out, every-pebble is 
od to have a perfectly smooth siu-face coated with blacklead, 
lie effect of which i^ still- further to diminish the rate of 
biirning. The pebbles are then thrown into sieves to separate 
''tt>all fragments : all irregular pieces are picked out by hand, 
'"'d the remainder is packed in ordinary powder barrels, which 
^'JUld hold 100 lbs. of rifle powder, but contain 125 lbs. of the 
I*l»l>le powder, on accoimt of its greater density. 

The following results of experiments with the 8-inch gim will 
tJive the reader an idea of the effects of the different kinds of 
Powder. We need only explain that R.L.G. means the old 
"" Hifie Large Grain" powder still in use for field artillery, and 
''rsiw attention to the fact that the pebble powder gives at once 
''iti highest velocity and the lowest strain: — 

P, -.Xw Chnwo, InUlnl VModly, Mi.ilmpm Pn^Koro. 

ruwuw. j_^ FivtiiorStcoiiJ, Tona nn Simarc Inel.. ■ 

lt,t,Q 30 l:lL>4 L>l)-8 J 

^tujaiftn Prismatic a2 13LIG W:', I 

^^tvico Pellet ... 30 1:J:I8 ir'4 " 

i'ebble ;H 137-i IC'J 

Vigitors to the laboratory at Waltham can see there a number. 
■* Qiperimental varieties of pebble powder, the largest of which 
"itiBiBts of cubes as hard as stone, each side of which is two 
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inches square. A shower of thi!> alone fired from a pun wonMbe 
quite as effective an grape, nnd it is jKissibk' that SlH) lbs, of 
this tremendous powder will form the charge of the new 80-ton 
gun. 

For rifle powder the meal is pressed into thin cakes ; these 
are broken up into irregular pieces hy hand, and carried to the 
granulating macliiue. This machine consists of four pairs of 
toothed cylindi'rs, between which the broken cake is passed. As 
it falls from them in grains, it is received upon a series ol 
screens of network. There are three of these, the texture ( ' 
each Iteiug closer than that above it, so that large-grain powdt 
is retained on the first, while fine-grain ami dust fall through 
it. The fine-grain remains on the second, and the dust. _ 
on to the third. All the screens are place<l in an inclJDed posi- 
tion, so that thr powder runs down them into tubs srrangedst 
the lower end, one of which receives the large, another the fine- 
grain, and a third the dust. 

The powder is then rolled for some hours in the glaun^ 
barrels, to break oflT all minute irregularities, and give it « 
smooth Biui'ace. Then it is dried, and finally freed from du»t 
in the slope-reel. This done, it is finished by being pancd 
once more through the glazing-barrels, and it iti then packed in 
barrels of 100 lbs, each. 

Such is the process of tlie gimpowder maniifacture in th* 
Royal Factpry at Waltham. We have onlybriefly indicated the 
principles of each process, for to go into detail would occupT 
far greater space than is at our command ; hut even thU skeWli 
will show how at each step science has been called in to aid 
in bringing the manufacture to its present high state of perfc*^ 
tion, No expense is spared in procuring the best materisl'i 
the most efficient machines, and the most accimite tests; yt^ 
the cost of manufacture is only about sevcnpence per pouw- 
What a contrast to the early days of gunpowder making, wliso 
in France, in 1375, a pound of giuipowder cost a sum equal W 
ten poimds of our money ! 

In every department the greatest caie is taken to prei 
the danger of explosions. The houses are built from two 
four hundred yards apart. Wood, copper, and gun-metal i 
the only materials used in the structure of the machines, excepC 
where, and that rarely, a bolt of iron is introduced for the sak^ 
of strength, and then the metal is encased in leather. "Th^ 
floors are covered with liides secured with copper nails, i 
these as well as the wooden platforms roimd the houses 
kept constantly wet. All loose powder is swept away from 
Soors, damped, and carried to a magazine, where it is collectut 
&nd the saltpetre siibsctpiently extracti-d. No one is allowed 
enter a room without 2'Utting on a pair of leatlicr "magazim 



tent are these precautions carried tliat the roofs and eaves , 
e buildings are searched for birds' nests, aod they are 
1 down whenever they iire found, lest the birds in building 
nging food to their yoimg might drop grains of grit or 
on the platforms round the houses. Every building is 
;ted by lightning-eon ductors, and as food as a Ihnnder- 

approaches the men ha^■e orders to stop tlie machinery, 
the houses, close the doors, and cease all work until it has 
1 over. But the best security for the safety of tlie factory 
A the workmen are a body of steady, industrious, intelli- 
men, and bear so high a character that a disraisEal is a 
vent, though it is the penalty of any breach of a necesaa- 
jict code of rules. 
i powder manufactured at Waltham is carrieil down the 

Lea to be stored in the great magazines at I'urfleet. A 

leesoD can be learned from the metliod of transport. The 
nrder is conveyed in Imrges specially constructed for the 
Be. They are about half the lenglJ' of an ordinary canal- 
uid are covered with a semi-circiJar roof, with a door at the 
rhich is kept closed, except when the boat is being actually 
1 or unloaded. Every powder-barge is considered a maga- 

and the same rules apply to it as to the Government 
lines. Xo fire or light is allowed on board : notiiing but 
rr is to be placed in the bold ; and no one is allowed to enter 
bout wearing the ordinary magazine shoes. In this way 
y be ffflid that every chance of an explosion is carefully 
Ed against. It woitld be well if the same method of trans- 
<en used on canals where (as on tlic Regent's Canal) gun- 
■■> being continually carried to and fro. Tlie extra 




F ftafc i^Iiiriw Chn* wax sane fetf 
LiliLiMi a> tea fHAkoyiMM M PkA«t, vbse ^oOt 




the Aock.W« «<«d1 nibeam Kot ^ E«ex ifoaM V 
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We Mmk Mt iwg Et tfci* la exflwMB m ll» open eoaAf 
— M b»e rditinlT B«ck kas tew tbn !■ a]]£i»oii in tb 
andrt ei Amtlj-bmh. ttmts like thwe abMt Regent's Fadt. 
Aa ezplonoD mt PurilMi «mU be vor tetriU^ but preldi^ 
not lalf to dertraetnv as «ae B^^t expect at fint aigU:>* 
Then tbe Gontameat mnst bep tUs large store of fvlriKt 
wnewfaere ; dOgOOO hui>^ eooM imc be Baon&ctared «l " 
MBei^ene;, and Pnrflwt offa? adraat^es io tbo waf of a 
aad cawf traoiport ^m NValtbam. umI »hi|UDent to India ami 
the Colonies, nfaich muk it as » gaud site for our chief 
nooL Tbe gunpowder miglit indeed be dtstribultHl in i 
row magazines, at various points aking tbe lowt^ part of tlw 
Tbmaet, hat this woold reailr be to incnaae tfar chances of ' 
•x|4orioo; for tbe more Dumeroitj is the staff of Euperintendent 

* The eiploaimi of n ]sr)[« maTizine ij: mtllj lb» purcei^f^Te etpMon 
•iifiuu* porti'iM uf lu ontentB, not ibe detonatioa iiT the whulo (M 
Thlaii whyil u TbIUHou* Io Ulempt to fstimat^ tbe effect of the 
■fK.U'JII Uini by compMiDy it with the explosion of a large shpll, or oTal 
iin board a bu|rp. 



and storekeepers, tlie greater is tlie danger of carelessnesa on 

^e part of some nmongit them. 

K Many a one has siiid, with the foppish young lord, who so 

much excited the anger of Hotspiir at Holmedon, 
Tliiit it WHS great pity, so it was, 
That vilkinouB raltpetre should be digged 
Out of the boweU of the hnritiless enrth, 
Which many ft (tood lull fellow hnd destroyed. 

But, strange as it may seem at first sight, gimpowder and such 
eotupounds are as much used in peace as in war. What witli 
practising, sahites, experiments, and reviews, our Army, Navy, 
and Volonteers bum every year as much gunpowder as would 
be required for half-a-dozen battles and a siege or two. But it 
U in mining, quarrying, and engineering worlis ; in a word, for 
industrial purposes generally, that gunpowder is chiefly used ; 
and as strife and peaceful industry cannot exist together, a war, 
on the whole, tends to lessen rather than increase the consump- 
tion of explosive substances. During the great conflict in 
America the sale and import of gunpowder fell off enormouelj. 
It is said that the same thing was noticed in France during 
the Crimean W'ar ; and probably the present war in Spain, by 
stopping the iron mines of the North, has diminished the 
import of blasting powder to a greater extent than it has 
accelerated that of powder Bpecially manufactured for military 
purposes. 

The following figures will give an idea of the amount of 
gunpowder employed in mining operations. It is estimated 
that in coal-mines about 80 lbs. of powder are used for every 
thousand tons of coal raised. In mines of lead and other 
minerals, which are found in hard crystalline rocks, about 
7,000 lbs. of blasting-powder are required for every tlioiisand 
tons of ore. To quarry a similar quantity of eandst^jne 1 70 lbs. 
Would be used ; while for the harder granite the amount would 
be 650 lbs. 

The quantity of gunpowder exported from England has 
not increased very rapidly of late years. In 1860 it was 
11,078,436 lbs., of a deehired value of 353,101/. In 1B65 it 
had risen to 16,833,723 lbs., valued at 457,078/.; and in 1870 
it was 17,357,668 lbs., valued at 427,229/. The increase in 
weight, with a decrease in value from 1865 to 1870, is due in 
a great measure to the fact that we export an immense quantity 
of gunpowder of an inferior (juality to non-British ports in 
Western Africa ; and it is in this cheap sort of gunpowder that 
the chief increase has taken place, while there has been a fall- 
ing oEF in the more valuable kinds. Thus in 1870 no less than 
4,637,066 lbs,, or more than 25 per cent, of the whole export, 
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went to Western Africa, chiefly to satisfy the warlike propen- 
sities of woolly-headed kings ; but it will be seen at once what 
the quality of the powder was, when we add that its declared 
value was only 83,657/., while the comparatively small quantity 
of 1,173,762 lbs., exported to France, was worth 75,522i., or 
about four times as much in proportion to its weight. Heavy 
as our loss was at Amouful, it would have been much more 
severe if the Ashantees had been provided with something 
better that this worthless powder. As it was, several of the 
men in the front line were struck five or six times without 
being wounded, the bullets having such little force that they 
fell harmlessly to the ground. 



^THE OEIGIX OK OUR ENGLISH SCENEKV. 
Br noiiAci: n, woodwahd, F,r;.s., 



THOSE, albeit not geijlogists, wlio contemplate our English 
scenery, and by many joumeyB have studied its varied 
. forms, may derive much additional pleasure from knowing how 
these forms originated, and wliy in one place there is a hill and 
in another a valley. They may not care to examine into every 
detail upon which a knowledge of the causes of this variation is 
, founded ; that would be a minute and perhaps tedious subject : 
but it will prove interesting to all to know in a general way 
bow the leading features of our country have been formed. 

The subject la intimately connectwl with the principles of 
geology, and in this respect., since the days of Hutton and Play- 
lair, it has been largely treated of and discussed by oui' leading 
geologists. 

Our hills and dales are mainly due to what is termed Denu- 
dation, or the laying bare of different rocks by the gradual 
wearing away of those previously above tliem. The general 
structure and arrangement of the different rocks in England is 
such that some were disturbed, upheaved, and denuded before 
others were deposited upon them, and therefore the forms of 
wenery are partly due to disturbance or elevation, though 
mainly to denudation. 

In order to comprehend the forms of denudation that have 
taken place, we have only to regard what is taking place now ; 
the work is carried on by rain, rivers, and the sea — water is the 
great agent — while in former times ice, in the shape of gla- 
ciers, had considerable influence in our country in wearing away 
the hills and in shaping the ^'alleys. 

The effects of the sea are patent to all, in the gradual ruin of 
our cliffs and waste of our coast line. The effects of rivers are 
to be estimated best by the amount of solid matter which they 
bring down with them ; while the action of rain is partly com- 
bined with that of rivers, and is partly of a chemical nature ; 
the carbonic and otlier acids which it imbibes in its course 
l^titrough the atmosphere and the soil assisting largely to form 
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caveme, and displaying their action in a lesser degree in 
^Qtaetic shapes and hollows so often seen on the exposed 
facM of limeatone and other rocks. With rain, other atmo- 
spheric agencies must be noticed, such as frost, which acU 
forcibly in the disintegration of rocks, particulaxly those to- 
poocd in cliffs and ravines. Rain and frost thus lai^ely aid tbe 
marine denudation on the sea-clifTs. 

The etFecta of ice are clearly traced by the presence of phe- 
nomena similar to those produced iu countries where glacien 
now exist. 

It must be remembered that the area now embraced by Eng- 
land has many ii time been submerged beneath tlie ocean, and, 
indeed, the different rocks or strata of wliich it is composed an 
almost entirely the consolidated ooze, mud, sand, and shingleof 
old sea-bottoms. These are our stratified rocks, and tliey havi 
most of them (directly or indirectly) been formed by the dfr 
atructton of some pre-existing rocks, which formed the hills awl 
tlic cliffs along the old sea-margin. Of what rocks the earliert 
hills and valleys were formed it is not easy to say, but tbej 
must, all have belonged to the igneous class, and have been to 
a more or less crystalline nature. The history of the earth, i* 
told by our stratified rocks, indicates an incessant change. Nfl 
new materials are added (if we escept the slight additions 
made by meteoric stones and dust), but all are ever undergoing 
some change either in form or in combination. 

I'Vom ttie greater portion of our rocks being depoaits forawl 
in the ocean, it might at tirst natiurally be supposed that thft 
floa was the great agent of destruction. A few momenta' refla^ 
tion will, however, show how eiToneous such a conclusion wodd 
be, for the greater part, of the material worn from the liaid ii 
carried out to sea by rivers, and there mingled with the 
shells and the sediment due to the waste of the seo-^li^; 
that it would evidently be giving too much credit to the 
structive power of the sea, great, as it is, to consider roost of tl" 
matter deposited at its bottom as owing to its wear and t««r- 

The earlier deposits having been iipheaved and farmed <if] 
land, while other and newer deposits were being form.ed, W 
partly by tlieir destruction, it follows that, during repeated d* 
vation and submergence, the older rocks will have suffered niW 
by denudation of all kinds than the newer. Moreover, th^; 
having been subjected to great pressure from superincumbeo 
strata subsequently rpmo^■ed, and having been more altered 
metamorphosed by contact with igneoria rocks than the oeni 
stjrata, their texture is or' has been continually hardening, 
therefore the older rocks as a nde are of a more stony or d*^ 
nature than the newer, which in most cases have suffered littl 
from volcanic or igneous action. 
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Theso facta will help us when we come to consider the varie- 
ties of scenery. The older rocks have been more subject to 
denuding agents than the newer, and yet as we now see them 
they are more capable of withstanding the effects of denudation. 
Beds of a clayey nature or soft sandstones are more easily worn 
away than slate, limestone, or grit, and consequently the latter 
form ridges, escarpments, and the summit of table-lands, while 
the former are exposed in hollows and valleys. The texture of 
the rocks has thus an important influence on scenery apart 
from age, although, as we have seen, the older the rocks, so 
generally are they the harder. 

In studying the causes and effects of the rfeniidalion of Eng- 
land and Wales, we may divide the subject into two parts : — 
(1) That which has affected its grand features; and (2) that to 
which its minor features are due. In tlie former case we may 
see that the age of the different formations enters chiefly into 
the origin of the scenery ; io the latter case tlie lithological 
characters of the different rocks come most prominently into 
play. 

The grand features are due, firstly, to great lines of elevation, 
and secondly to the effects of denudation. 

Id noticing the effects of elevation, and the age of Uie rocks, 
may observe that the oldest palaeozoic rocks form, as a rule, 
I most elevated scenery, as in North Wales and the Lake 
TWstrict. The old red sandstone forms undulating scenery of 
coDfliderable elevation, as in Herefordshire, the Mendip Hills, 
(Sc. ; while the Devonian rocks of Devon and Cornwall (which 
may be partly of carboniferous age) form equally hold scenery, 
and by the nature of their strata oft«n ri^-al in grandeur that of 
the older slaty rocks. The carboniferous rocks form scenery 
tlmt is conspicuously their own. The mountain limestone is 
celebrated for it-s combes or dales, as the counties of Derby and 
Somerset well instance; whilst the millstone grit, yoredale 
rock?', and coal measures form hilly and somewhat barren 
country, often moorland, as in our coal districts, in the Peak 
nntiy, Glamorganshire, and elsewhere. 

When we come to the red rocks, or those of Permian and 
Ic age,whicli form a belt across the country from Torquay 
Sidmouth to the mouth of the Tees, we find a low-lying 
ies of vales, which are different in their agricultiu-nl cha- 
and scenery from the older rocks, which bound them 
roughly on the one side, and tha newer on the other. " The 
part to the north-west of this line is chiefly paleozoic ground, 
often wild, barren, and mountainous, but in many places full of 
mineral wealth ; the part to the south-east of it is secondary 
' tertiary ground, and generally soft and gentle in outliq j^ 
little or no wealth beneath the soil. The mining atl 
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tnantthuttxtnng papulations are to be found in the firat 

tlie w'>rfcint[ people of th* latter are chiefly agriculturists."* 

The low*-r beds of the lias and the rfastic beib fijrm a genti* 
escarpment above the triaasic series, bordered g^^nerallj by the 
escarpment of the ooIitifN,! which stretches trom Dorset^iie, 
by the Cutteswold Hillii, to the Yorkshire coast. 

Tlie next principal feature is the escarpment of the clnlk 
forming the North and -Soiith Down^, and fv.ilisbarr PUiii; 
stretching from the Chiltem Hilk intr> Norfolk, aacj again i{»- 
pearing in the wolds of LincolnsKire. 

The tertiary clajs and liands are all of a more or less yiddisg 
nature. They form tracts of low lying and {gently undoUCtlf 
country, in Hampshire and in the Eastern counties 

The moat recent deposits of alluvium (sediment deposited fajT 
existing rivers and estuaries ) form tracts of almost Ie\-e) tudt 
such as that which borders the Thames, conspicuously between 
Loudon and Tilbury, the Fealand, and the Sometsct^re 
levels. 

It will be easily understood why the allu\i>uu should form 
such scenery as it does — belts of low-lying meadow-land boid«- 
ing the rivers and streams — but why the rivers should have 
formed so much sediment along their courses is not at once easy 
to understand. It must be remembered, however, that in aH 
times, from the most remote to the present day, changes of level 
continually take place, and such changes greatly aff«rt denodai- 
tion and deposition. A slight submergence would cause a 
to flood its banks and deposit sediment, whereas elevations 
tend to make it deepen its channel, and so remove more mate- 
rial. A river, us is well known, is incessantly changing its 
course, in however small a degree, and when we see broad flats 
of alluviimi bordering a small stream, it does not follow that 
the stream once entirely filled that broad channel, but that in 
the course of time it has occupied different jiositious in 
valley. 

AUurium, which is often restricted to Uie river mud, 
very properly include the beds of gravel deposited by the river< 
These beds of gravel, wluch are often very extensive, are seldom 
entirely formed by the river itself; they are oftj^u made up to 
large extent of beds of gravel previously formed. Thus, much 
of the Thames valley gravel is only derived from pre-existing 
glacial gravels, which arc themselves made up in great part 
old shingles belonging to the tertiary and triassic ]>eriods, 

■ See "Mununl of Ooolog-v," bv .takes »nd fJeiliie, p. ISlT. 
t Tbii is utHil B« H mnf^nil term, lo etnbiace wbnt i) nn11;r a terioB c 
minor eacBrpnieiils, dIiLdUj^Ii, Icoked nC in a larjn ^»y, iIid I'olit^a form OD 
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The history of the origin of our rivers and tlieir valleys 13 a 
large Buhject, and one whit;h opens up many difficult questions 
in physical geology. The suhject was first clearly brought into 
notice by the late Mr. Jukes ; and Professor Kamsay, who haa 
paid great attention to it, has treated of the origin of several of 
our most important rivers. As it is largely connected with the 
origin of much of our English scenery, we must give some at- 
tention to the results of their observations, but before doing so 
it may be well to point out in a general way the origin of the 
great features. 

Many years ago Professor Bamt^ay noticed that in drawing a 
section tlurough Wales, through the more hilly or mountainoua 
regions, a line might be dra^vn from one end to the other, 
which would touch, or nearly touch, all the more important 
elevations. The whole of the rocks of palaeozoic age which 
jbrm these regions are much disturbed or contorted, being bent 
into folds, and at the same time irrespective of the shape of the 
hills. He demonstrated that, while filling up the valleys in 
imagination, there yet remained a vast amoimt of material that 
had been removed above the line which touched the tops of the 
hills. This line indicated to him a plain of marine denudation. 
Before the tract was elevated to its present position the sea 
worked away gradually, as it does now on many parts of our 
coasts, such as at Watcliet or near the mouth of the Thames at 
Southend, forming a plain of rock (whether stone or clay) 
barely covered at low tide. The plain formed in Wales was, of 
course, a very extensive one, and then after the area was ele- 
vated atmospheric denudation came into play. Kents, joints, 
and fissures in the rocks no douht gave a iirst direction to many 
of the valleys, which have been enlarged by rain and streams 
and rivers, and even by glaciers. So that really the main fea- 
tures of Wales, as we now see them, are due chiefly to fresh- 
water denudation, although there is every reason to suppose 
tliat the sea exercised some modifying influence on the land 
during tlie long course of ages and the many changes it has seen 
since the later palaeozoic times. 

We may now turn to the escarpments of the oolites and 
•^halk, which are the next grand features we have to uonsider. 
Professor Kamsay believes that the lias and oolites entirely sur- 
rounded the old land of Wales, passing westward througli what 
•8 How the Bristol Channel on the south, and the broad tract 
of new red formations that He between Wales and the Lanca- 
f'Qiie hills, now partly occupied by the estuaries of the "Dee and 
Mersey. He considers, too, that the chalk in its day also 
^I'ead far to the west, covering unconformably the half-denuded 
^*^lites, till in its early beginning it also abutted upon the 
^titient land formed of the palawzoic strata of Wales, and by- 
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and-by, as that land sunk in the sea, bitriwi it perhaps in p 
altogether." 

We now find tlie chalk and the oolites forming long lines (rf" 
hilly ground or esttarpments, as lUey are termed, with here and 
there an outlying hill. The rivers, too, often cut directly 
through them in the most remarkable manner. The rocks 
forming these escarpments dip, on the whole, gently to the 
80uth-*ast, 11 feature produced, no doubt, during elevation of the 
strata above the sea^leveLf 

Before the chalk and other cretaceous strata were deposited 
in the West of England, the oolites and lias had been disturbed 
and denuded, so that the former beds overlap the Rucce«aiv» 
members of the latter. The older strata seem to have been 
planed off, and probably by the sea, before the cliulk and green 
eand were deposited. 

The chalk escarpment was, therefore, no doubt (in certaia 
areas) the first escm-pment formed. After it had been denuded 
beyond the outcrop of the oolites, then the escarpment of tboW 
rocks began to be formed. 

Professor Ramaay has taught ua that the reason why so raapy 
rivers cut through escarpments is that th^y originated before 
the escarpments were formed, and cut their way down through 
the strata, which afterwards, by atmospheric denudation, receded. 
The fact that escarpments have thus receded is plain, although 
rather difficult to aceoimt for. Their formation is often 
tributed to marine action, but there are so few facts to corrobo- 
rate this notion, that the opinion now generally held is tbab 
they are, for the most part, due to the silent and slow process t& 
atmospheric denudation, of rain and tiny streams and rvt 
Tlie chalk escarpment, as Professor Ramsay observes, being 
more easily wasted tlian that of the oolites, its recession eoi 
ward has Ijeen more rapid. 

The facts that escarpments are formed almost invariably 
porous rocks, such as limestone or sandstone, while at their base 
is exposed a clayey or marly series of strata impervious to water, 
which, perhaps, again rest on hard rocks, forming another es- 
carpment, the beds in it dipping away trom the plain beneath^ 
are all-important in forming true notions of their origin. t 

The beds may have been reduced to a tolerably even level by 

* " Phjaicdl Geology and Geography of Great Britain." Third EdltloDt 
pp. (Ml, 00. Whetber the clialk ever covered the whole of Qloucestenhira 
aiid Somersetshire is by no means certmn. 

t On this Bubjnct soa Topley, on " Tbe Correspondence between I 
Areas of Apparent Upheaval and tbe Thickening of Subjacent Beds.'* Quiil 
Jonm. Gaol. Soc, vol. xii., p. 1B6. 

t Ou this subject see Whitaker, " Geol. Mag.," vol. St., pp. -14", 4W 
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! denudation, after being Biiltjected to the disturliancea 
and undulations produced during their elevation ; and these very 
disturbances may have partly affected the character of the plain 
of marine denudation, which does not necessarily mean a dead- 
level, and gentle curves or slight ridges of the liarder rooks may 
have been left as a guide to the subse<]uent sub-aerial denuda- 
tion. 

The rivers tluit cut through the escarpments are fed by 
streams that run parallel to the escarpments, and though the 
actual denudation may appear trivial, yet when rightly esti- 
mated by geological time, it will be imderstood, and a true 
conception of the magnitude of sub-aerial denudation arrived at. 
The denudation of the Wealden district has been a fertile 
source of discussion, and has an important bearing on the origin 
of escarpments. It will be unnecessary here to refer to the 
many papers that have been written upon the subject, and wo 
may be content with giving Professor Kamsay's views.* By 
drawing a section across the district from the Xorth to the 
South Downs, and connecting the chalk and other strata on 
either side, a dome-sbaped or anticlinal structure will be formed. 
This dome was probably removed by the sea, which formed a 
sort of plain of marine denudation, leaving at the same time a 
sort of low central watershed, from which in old times the rivers 
probably flowed, and thus formed their channels through the 
chalk, which seems inexplicable on other suppositions. In due 
time the rain and river action diversified the scenery, the chalk 
esoirpments receding, the soft gault forming a hollow, the 
Wer greensand standing out in bold hills, overlooking the 
plain of weald clay, and the harder rocks of the Hastings sand 
series again rising in hiUy ground. 

From wjiat has been said, it will be seen how many of our 
fivers date from very early times, although their courses have 
Iten at times enlarged or contracted by elevation and de- 
pression. 

The nature of the river valleys of course depends upon the 
"Store of the rocks traversed by the river, bold cliffs being 
'urmed in hard rocks, and liardly any or none in soft strata. 
"te alternation of bard and soft strata along a river course may 
'i^Kl to the formation of a lake, the softer strata being worn 
^*ay, and the harder forming barriers at either end. Lakes, 
'udead, may be due to various causes or a combination of 
'^umb. Glaciers may plougli out hollows, or deposit moraines, 
*liicli form barriers. Faulting and disturbance of strata in 
^•OU! cases appear to have had considerable influence in the 

' The utue views were worked out in great detail by MeMre. Faster nnd 
Hley, See " Quwt. Joum. Gaol. Soc," vol. xxi., p. 44.1. 



64 



i-orcLAH scrcxcE EETrrfr. 



forraatinn of lakes, and it is well to be cautious, in studying the 
origin of lake-basius, to bear in mind tlie muny and complicated 
causes to which they may be due. 

Th^se questions belong to the minor features in our eceneij. 
They have beeu produced by many local causes, and it is im- 
possible here to treat of them in any but a general way. 

The influence of glaciers, which are well known ta have 
existed on the high grounds of \\'a]es and in the lake district, 
has been spoken of, and some of the valleys have been con- 
siderably modified, if not to a great t-xtent formed by them. 

In limestone districts, as in Derbyshire and •Somersetshire, 
the power of rain-water holding carbonic acid is very great in 
dissolving the rock and forming caverns, and sometimes, when 
the conditions are favourable, re-depositing the carbonate of 
lime in the form of stalactites or stalagmites ; or, again, form- 
ing a petrifying spring and encrusting leaves, shells, and otiua 
objects with a deposit of tufa. It has been supposed that 
of the dales and ravines may originally have been caverns. Bei 
this as it may, the action is the s-ame— these limestone combei 
and dales have been formed by running water, assisted, 
doubt, Ijy the mechanical action of frost, and the chemical 
action of carbonated water. 

We may here also call attention to wliat is really a iraiy 
minor point in connection with scenery, but which yet hse 
many points of interest in connection with physical geogmpby. 

The origin of certain small holes and excavations in lime- 
stone rocks has given rise to much discusoion. The atmoBp]iBrei 
pholades, and land snails have severally been called into account 
for them, and from the observations that have been made, thi 
seems to remain little doubt that all three agents shaie 
boring and burrowing into rocks. By far the larger number o: 
holes and irregular cavities on limestone rocks are undoubtedly 
due to atmospheric wear and tear, but there are certain 
holes more or less regular in shape, about which discussion 
taken place. Some are, doubtless, bored by pholas, which 
pierce almost any rock, but these burrows are of a pear-sbwd 
or pyrifonn character, and need hardly he mistaken, altbon^ 
there' is nu reason to doubt that the atmosphere could mimi 
these forms, so varied are the shapes it has fashioned. Ther 
are other holes, imlike phoIas-bmTows, and occurring 
tions where it would seem that meteoric agencies had no pla' 
which have lieen attributed by the Kev. T. G. Bonnoy and Mt 
J. Kofe to the action of our common land-snails. 

Long ago I)r. Buckland, and subsequently M. Bouchl 
ChantereauK, advocated the boring powers of snails, but', 
toaiffirs appear to have met with little credence. Mr. ~ 
^^fc ably for snail-action. The odontophore of the 
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3 cartilagiooiis strap, bearing a long series of teeth, is capable 
of s ra.*pii)g or scraping motion, and this tool he thinks quite 
capable of producing small cavities in limestone rocks. At the 
!^4iiiie time, it roust be observed that we want more positive 
[.nmfs of the boring action of snails. 

Tliere are some other minor features which deserve a passing 
Tmlfpe. The occurrence of large masses of loose rock may l>e 
(iuc lo the jointage of beds and their being weathered out in 
*'/u. Other rocks may jut out naturally and be weathered into 
lantastic shapes, and not only pluvial action may iufiuence 
them, hut in some c;iseB wind carrying sand has exerted great 
power in furrowing or in polishing rocks. 

Most, of the palaifOzoic rocks, and the igneous rocks and 
gnniten, jut out. here and there on the hill-sides, and form often 
a Tough l^rren couutry, when they yield little or no soil. Large 
liiwli? of stone may also have been brought from a distance by 
a glacier or iceberg and so deposited. 

It may Iw thought that the effects of the sea have been rather 
neglected in this sketch, but. it is by no means wished to de- 
tract from its power. The sliape of the British Isles is in a 
peal measure, although not entirely, due to its action ; the 
im^ilarities being for the most part produced by the alterna- 
tioTiof hard and soft rocks, the former constituting the head- 
lands, the lntt«r the bays. The effects of submergence have 
lu some cases allowed the sea to encroach and modify valleys 
(iriiviously formed by river-actiom This action, as we hiive 
i»"t«l, t«nds to check the denudation by rivers. While, on the 
fiMitrary, a iact pointed out by Professor Geikie, "as the land 
liiw the cliffs are removed from the reach of the breakersj and 
a more sloping beach is produced, on which the sea cannot act 
■ith the same potency as when it beats against a cliff-lioe;" 
luiit tbis action promotes subaerial denudation. 

The set of the tides and currents will tend to influence the 
configuration of the coast-line and promote the travelling of 
loaches. In some cases the flow of rivers is checked or diverted 
Cor a distance by this action. This is notable on the south 
Wast of England, between Exmouth and Portland. The origin 
"C the Chesil Bank forms an interesting study, and, indeed, 
■^nires special explanation. Its isolation from the mainland, 
according to the researches of Messrs. Bristow and Whitaker. is 
|l'ie to the subsequent subaerial denudation of the land which 
"itfnened, and which area is now occupied by the Fleet. 

Hillocks of blown sand are produced where there is a great 
•Tpanse of sand at. low tide, subject to the influence of the pre- 
'ilont winds blowing inland. 

In Slimming up the causes of denudation and their effecl-s 
opon scenery, it may be remarked that there has been a great 
VOL. XIV. xa. LiY. r 
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tradcncy to extreme viewa, and partitiukrly id attributing I 
much to marine action. 

We have seen that tlie effects of elevation and diBturhiii 
are not unimportant ; that, indeed, in the first place they gi 
the plan to the denuding forces ; rents and fractures, even fou 
— all have in sonae way influenced the minor features, whilp ti 
dip of the strata and the texture of the different rocks lia 
likewise affected the configuration of our laud. In tbia respi 
the angle of repose is important, and may well be studied 
orn- rail way-cuttings. 

Professor Geikie has compared the work done by rain a 
rivers, and that done by the sea. It has been estimated that t 
Mississippi carries annually to the sea about 812,500,000,0 
lbs. of mud 1 Allowing the sea to eat away a continent 
the rate of ten feet in a century, and that on a moden 
computation the land loses about a foot from its general surfi 
in 6,000 years, then, before the sea could pare off more thai 
mere marginal strip of land, between seventy and eighty mi 
in breadth, the whole of Europe would be washed into 1 
ocean by atmospheric denudation,* 

This estimate seems to do bare justice to the sea, but il 
evident, as Professor Geikie remarks, that the extent of la 
esjwsed to subaerial or meteoric agencies far exceeds t1 
exposed to the influence of the sea. 

All agencies, however, act in concert j the landslip caused 
rain and frost and the dip of the strata is removed by the i 
and the deposits formed at its bottom aru upraised and retun 
to it again by rain and rivers. Thus we find that the wh 
plan of Natiu'e is one of constant creation and decay, Man 1 
done much to check the wasting action of the sea on our co< 
by the erection of groynes and other defences, while by 1 
cutting down of forests he has lessened the rainfall, and con 
quently diminished the effects of subaerial denudation. Ne» 
theless, his power has been but feeble in the history of ( 
planet, while his time on earth has really been but a liiomi 
compared with the long ages of geological time. And yet ' 
history of each rock, if we consider Man as the ulterior obj 
of creation, has not been one of chance or without design, wi 
we look to the important benefit that tlioy have conferred u| 
him by the various economic purposes they serve. Nor is I 
influence of oiu' scenery to be looked upon as accidental^ 
what more powerful influence for good is there upon the mi 
of man than tlie contemplation of a beautiful landscape, and 
learning from it something of the wondrous works of Mtttun 
exhibited in the history of our rocks ? ^^^H 

^^^^^^^ '-Tciiiu, QeoL Soc Uliuigow," vuL ill, p, 133.^^^^H 
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THE GERMAN ARCTIC EXPEDITION OF 1870.' 

EVERYONE who u nt nil interested in the proposed Arctic explotntion 
for which Qur lloreramtiit nve at the present niomeDt pn-puriii^, 
aboutd read the grHphic nccount nf the recent expedition of the Oenuan 
Uplbrera, which hns been so well related b; CHptnin Kolduwey and hia 
■eiFial junior olfii-'erH, nnd so well translated into English and edited bj the 
Rer, L. Mercier, M.A., and II. W. Bates, P.L.3., of tlie GHOgmphicitl Society. 
It triiul be cnufei^^ed at first that the results of the expedition are somewhat 
ontll, that is, aa regards the amount of discovetj either in ibe douaina of 
L least, if we are to regard the present 
,live. Still, as an historic account of the 
trnie disasters aulTerdd, and the patient deteriui nation of the men ta bear 
^ih nil risk and danger in nj&king their way to the extreme latitude of 77% 
il cHnnot be excelled, When to this we add that in point of excellence and 
»imi1>er of engravings it is almost unsurpassed, tbnt the bixik is simply one 
iiLx of illuslrations, some of them exquisitely coloured, we shall have said 
•■utiiigh to urge our readers immediHtely to possess it. 

Tlie general facta of the expedition may he briery summed up as foilowe: 
'II <hp Ifith of June, IfltJl), the two veeeels, the Germnnia, a ateamer of 
■i'liulltOO tons, and n small schooner, the Jtimia, left Bremen haren, iu 
■I- presence of the King of Prussia, Prince Bismarck (then Count von B.), 
'■■iieral vnn Moltke, and others, and were towed out of harbour by a couple 
' tii^e. Id the evening they fairly started on their journey northwardi*, 
'iHrinteatiiin being to explore tlie east coast of Greenland as far aa lati- 
' "1:^77^. It was originally thought that both veasels could keep together 
''ii<iughout the voyage. However, fata decided otherwise. The two vessels 
'"• ume ill July lost each other for a few days as they approached the ici', 
ved by a reuniting, when the crewa of both were exce»- 
^•sly rejoiced at the result They parted company, however, the next day, 
■BduTermet together again, and this was on the L'Oth of July, after mid- 



-he German Arctic Expedition of 1860-70; and Narrative of the 

*W|[ of the Hanta in the Ice." By Cap tain Koldewey, Commander iif 

'»' Eipedition, assisted by Members of the ScientihcStair. With numerous 

, 'Wcuts. Alapa, Portraits, and four Chromo-lithographa. Translated by 

1 llsKev. L. Mercier, M.A., and Edited by 11. W. BhIm, F.I..S., A-sin' " 

L IIu;i| Geographical Society. Loudon : Sampaou Low & Co,, 1874. 
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satiaractory T(w«el. We- do not think 

1. left anything undone which could hare mt«4 )| 

<s of ice ; great blnchs, m 
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of them higher than her deck, aurrounded her; and of cour»e, uodw 
ronibined pressure of the' ice knd her weak condilinn ('ehe was 
bound, M WM the Germonia), she eventually becHnie so leakj th»t tttV 
ciiptnin saw she muet become u t-ot«l wreck. Her* waa a condilion! 
crew htul, of conr^c, to leave the ahip, which was fast sinking, nod to aet of 
a home of «onie kind in the huge wilderness of ire in wblcfa thev wei«, • 
which wao simply and solely the froien ocean. What an awful conditiao 
be reducpd to I Yet they all bore it bravely. They set to work with ftwD]^' 
iretting SB many things as ponsible overboard, but still compuUorily 
A considerable quantity of coal and other materials to remain within 
ainking ship. At iMt they had got all they could collect from her on ts 
ice. and tbry saw her go down beneath it, with the great bulk of all I 
Bcientilic apparatus and natural history collection. Their lives were 
utterly nnprotected, Hnd from this period^night between October 21 
32 — ihey remained residing upon and carried southward with the in tSt 
Mny 7, 1870. Now this period is full of adventures of all kinds, and ft 
ia fnithfully and well described in the pages of this volume. Tbej, tt 
course, saved their boats, and in these, having abandoned the floe, tlrtf 
travelled south to the islnnd of lUindlck. which they reached on Juna 4| 
1870. On June 1^1 they arrived st Fredericks thai, where they stayed ao 
time, making a series of encursions, and from which they were eventin 
tiikeu by a amall vessel to Cnpenhngen. whence they reached Ilanihuift 
Scptj'mher 3, 1870 — a lime when, indeed, they must have been struck 
wonder and astoniRhmenl, for on that day the news of the mighty battb) 
Sedikn flew over nearly every civilised country in the world, and nt 
unquestionably have astounded these patient explorers wlio had tnvM 
tram th« polar world. I'hus ended one part of the expeditinn, 

The exploratinns of the Oeniiaiiia were, as we might have expected, ft4 
her better build, larger size, and steam appliances, infinitely 
In tlie first instance we may slate that the Gmnania teai-lied a latitude 
high M 77°, being, in point of fact, considerably north of Cape Bistni 
\vty interesting ere the descriptions of the scenery, and the admi 
|ilatfla, some coloured, that occur in this part of the volume. The explc 
of course, did not do very much durinjt the earlier part of the winfa 
they were obliged to harbour their ship at Sabine Island, and build a 
of walla of ice around her, to protect her hull. Tlien f<illows a long ac 
of thn various occurrences and pastiinea by which the ship's crew ma 
to pass through the depths of winter; and this account of th< 
during which the days nud nights were completely given up to darknaM.' 
intownting in the extreme. About the beginning of March, however, ll 
»xploren thought of going further north, and eo tbey set out with a aledg 
which, in tli« absence of doifs, was drawn by Ihemaelves for more thaa 
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Kf BO' Wprt toniiiliide frrim fireenwich, wm reached by tlie Oerinnn Anrt 
Mlpilili'JIi inalHlKHii{tlie Iwt three Oeminn milts on fuiii), aturtinif IW 
tlta wlnlur Imrbnur bj HiibiiiH Isliuiil, itfter m ahsence fmiu the itbip < 
Iwuuti-twn Jnji," Tb» return jimrncy to Ihe ship wna as ettfiitful m (] 
iini> niri-nily uiiJirtrnnii j niiiI niter this wm completed tbfV uiade, hiuoi 
utlicr r X I'll r>iu tie, iin<:i wbU-b in oriiinin interest, to tbe reiiiAint of lui Baqn 
iiinii« wliinmnnl, Tbn following account is given of ihla: "On tbe aim 
f.i.'lly llin«iinlh.wn»t wt< diw.ivered n lun^rnwof (fmveB, hcHps of stone t 
Ull;' liiiitl In- llio blind of ninn tbMt tbej' iiiui>t at uuce nUike iLo «ti 
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beade tbem vere tlie upper parts of four well'pre^rved CArth-IiutB b^ 
loiifriDg' to Ibe natiTG«. These wer? remarkflble even in the dislance by a 

small ci'dler, ed^d with a circle of sioiiea Upon cnraing nearer 

fcqiiare open holes were to be seen, half in the earth, built over with strong 
bl<Mie walla, from which a ransaive underffround passaire led into the open 
air." Then follows a minuteaccount of " Iho^e curious huts, which celtaiiilj 
1-ad ui to class them as an exceedingly pritnilire sirle of dwelling. The 
riiisi were Bimply tbe outlines ot a tent, and ore common enough in Weet 

We have Miid enough to show the render how exceedingly interesting ia 
liiie book, but we bme not said enough of the illustrations, which are 
A'lriiiraljly drawn and wtll painted. E«pecin11_v can we cooiniend the coloured 
illuMralion?, which are to uur mind snnic of the very beat work of this 
drwription that we have ever seen. Altogether the book is one which the 
CicTinan naljon may well he proud of.* 



fOHINA, INDO-CniNA, AND THE STRMTS OF MALACCA.f 

OUGH the present work can hardly be called a scientific one in 
: ibe strict«at seiiM of tlie word, still, inasmuch as geography is to a 
a atent unquestionably scientijic, it must therefore pass muster in the 
■ of scientiHc literature. Still, Mr. Thomson has been, to a certain 
^ possessed of the powers of observation of a keen naturalist, and he 
'n thin volume views of China, both with pen and pencil, which 
k fvheiiy oi-iginal, and some of them are of the most intense interest, 
s the present work ha« been published with a view of bringing 
e the general public those views which the author orijjiDally published 
H niueb larger and ■ vastly more eKpensire vohime. However that may be, 
l-innit express our gratitude to him for the pains he lias taken in present- 
kHawith a aeries of views which we believe were originally photographed 
btDOUelf, Nnd wliicii therefore have a value far beyond what the mens 
r pencil sketches of an artist would have, inusmuch as they 
ff Bore truthfid. It isimposstble to do more than give three or four 
I from this interesting work, which is written in a remarkably 
atyle, which possesses both accuracy of general statement and 
II easily and smoothly to the ear. 

it one of the places visited by the writer,. who describes it as 
parateidrroDi Singapore by a narrow strip of water, and in its wild forests we 
meet with a " type of man by far the most primitive that these regions have 
to sbow. Thece Hre the Jucoons, who, like the orang-outang or miss of 
It-<meo. are reported to dwell in trees . . . Tiiey are said to be the true 
aboriginal inhabitants of the land. The pure' specimens among tbem are 
> TOoUj-baired und dark-skinned ; the same sort of people, indeed, whom we 

K. * The blocks have been kindiv lent bv Messrs. Low. 

t "Tbe Straits of Malacca," Indo-Ohiiia, and China; or. Ten Years' 
Travels. Adreolures, and Uesjdence Abroad." By J. Thomson, F.R.R.S. 
Lindon ; Sampson Low & Co, 18".5, 
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Dit-et with in tlie Papuans of New Guinen, in the Datives of miiay of Om 
Pacific iflnndg, and in the mounUuns of Indo-Cbinn . . . Thej detwt the 
MalAya, and hold no iatercourse with them." Further we meet with tfaa 
HUtltor's di'seiiption of man j curious Labits and mannera uf the people u( 
Siniu. B_v the waj, some of the writer's tnle» strike us willi a doubt aa to 
tbeii accuracy, wLich we do not like to express mure panic; ulurly : foi 
inslnnce, the stoiy of the Siamese Priuce and. the foreign cbina-brolur. 




The Jm'oons.* 



However, we can pass over tbie, when Ibero are so many fncta of the grtut^ 
iutrrefet niid of undoubted truth. What, for example, cau be more w^ 
derful to see in such a country than the Temple of Nakhon WatP 
wondrous temple, gigantic in point of aiie, aymmelrical in all its part*, ^ 
yet completely dillerent from the building of the pnpulntion now exS' 
ing. " The secret," eaya the author. " of my emotion lav iu the mlro*' 
contrast between Nakbon Wat — rising, with all Ibe power which the tii'*J 
uitude of proportions can give a eculptuied giant pyramid, auiid fonal 1^ 
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-cUd plainii — and tbe grnss-tbalclied hula . . . whicL are itll tbnt tbe 
t iobBbiCants haru either wisli or nbilityXo net up, Nukbon Wat U 
■iaed upon a sifln« p!atri)rm. It i» utrried from its boAe in three qundrnn' 
:uUr tiers, with a great centrsl tower above all, bavtng an eleriition nf 
SO feet. The outer bnundiirj-wall eiicioaea a «qasre space, aieftsiirinji 
lenrlj three-fuurlba of a mile each way, and ia sunuounted by a dituU 
!% feet BCToaa. , , . FHciag tbe cai'dinnl pbintB of the conipaas and in tbe 




Gullery, Siitliui 



^*nlr« of each ride of the bmindary-wall there are lon^ gallpria^, with 
K^ctii^ roofs and monolithic pillars, which preaent a striking and clerical 
H'lwuee,'' &0. And so on the author describes tbis ^cindiotis temple, 
^d he gives sketches of the drnwiogs and sculptures that are within it, 
e resemble umny of thoae tbat readers will be perhaps most 
in AK.'yrian rt^mnins, and ai'e works that could alone bare bi 
M aiivanied and edutated ruce. 
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• vividly on the mind. J 
iple. It is thnt of ■ 

:ahopping-. ~ 
lifcailied snrt or ci 



CnntPn anil Pfkiti are di 
derful iiiinutiie, Hnd xhe tiumernus 
Recounts eeent to impress the picture n 
tal(e nne of tile smuller sketctius for e: 
reai(ti?nti of HliHnpbai who axe, let us say, 
the cnrt here is tUe wheelbsirow — n very 

nuvertiieleM comfortable en r)ii|;h when nne him grown Bccitsti>nie4 
It is pleHMnt to eve tlie ChiaeM domestics and tlieir faniUiei^ 
ladies, dressed in silk:*, their gtotisy hnir held in by n brund Ui 
bnnd, with » epray of pearls in front, lieinp propelled ftlon^ the 
haiid-rart«. . . . Tiiern tit not much ri»h in a xteady-going Vi 
lliis, Tlie coolie whn propels it is neitht-r sliii 
the power he puts on ii never danireroue." A« ri^gardB tUtdr iadi 
the following pftge RfTo^ds a go->d exninpli 

The last matter we shall refer to ia Mr. Thomson's acfiouot of] 
Ohetrvfttory. This iie descrihea ne a mixture nf Kienlifie inxtrBi 
other* of a more mythic cbnrai^ter. It was orijrioally fonnded _ 
Marco Polo's time, and it has instrumenU of an antique dale, aod 




The Slialiglmi Whsflbiirroir. 

that were put up by tlie Jesuits in the serenleenth century. Mr. WyM 
liowever, of opinion thai they were put up by Ko-show-kinjf, i ~' 

most famou!' of Chinese aslronnmers. One of the intrtrumEnts " la an M 
lahe, fiimialied beneath with a splendid sun-dial, which hss lung e 
its gncmes. The whole, indeed, consists of three astrolabes one pnrll,r d 
able and partly fixed in the plane of the ecliptic ; tbe Hcond turning III ■ 
centre Bs a meridian ciielr ; and the thii'd the azimuth dri-le." 




TITlill.n works upon any brunch of uatiiral history, or Imtnny fir gMliwB 
I* wbii'h Hie written tor tbe general public cad not liiivt^ in theiHUf-F 
tbiii^ tliat is pftrticulHrlj norel, ft book which Ireata upifQ the almcwplm* I 
mil)- yet preaeut iiiniiy ffictii th:it appear even to the i>ilueiited luan p«rfw<(7 1 
new. And tbe reiifion of thii simply is, ihnt while natural histDry Im> in** ■ 
dealt with OS H popiilHr paaliuiH — nlnioat, we might say, aiu(.'>> iha tine M | 
Goldrniilh — the facta of mettiurolngy^thnt is, the mu/e striliiuj; pi 



• " The Aerial WnrW : A Popular Apoiinl of the Phennmerm ■ 
of the Atm(»'uUere." By G. nnrlwij,', M.U., Ph.D. London: " 
1S74. 
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enee — luve nsrer ^n put clenrly lufore tlie ^neral rending pulilic. 
We are )ilad, however, that an effort hw anv been nude to plHce the histnrv nf 
Mrinl science before the rnttder of pojuilrir workn. And we mnv sbt Ht the 
oiit«et Ibftt we consider that in dischHrj^injr his taeli Dr. lliirtwii^ has inti- 
nitely suqxiaiied his farmer eflorlg in aimikr direclinns, Of llie many 
pDpiilAT work) which this f^iitlenian baa given ua we know of none that 
will conipare, either for clearne.tB of style or excellence of matter, with the 
present volume. 

lie tells us in hia preface thnt be has avoided giving sucb a chnmeter to 

fli.' book as "would be required in a handbook of melenrology." We think 

tliBt in doitig to he waa actuated by most discreet motivM; for assuredly a 

bouk whitli would have been cimply n melenrological text-book would hHve 

bren cjtccssively dry in reading', while such a subject as (hat he bus chosen 

f<>rnia, when properly discussed, a work which, once taken up, is very diiK- 

^^l^to lay down, Indeed, we should tike ta give n full notice of this 

^^^^by interesting work, for throughout its psges wa find that facts are most 

^^^^KOy fUted, and are invariably surrounded with a valuable discussion, 

^^^^n tAlfes Kway the dryness n-bich would otherwise bnte surrounded 

^^WSro. However, as wo cannot do this, we may at least give the headings 

of ills several ebaplers, as tliat will help the reader to form a Bomewhat 

t'ld^petidi'nl judgment. First, then, is a chapter on the magnitude and 

e nf Ihs atniospbere, and then follow others, for nearly 550 pnges, on 

la of the atninsphere ; the propagation of sound through the 

Hliai the coli^urs of the sky ; dann and twilight ; the temperature of 

mocpbere; the winds; waterspouts, landspouts, tornadoes; fogs; dew; 

; tlie rainbow; the mirage, speclre of the Brocken, baloa, 

tDfifk suns and moons; snow, the tbunderatQrm ; the means of preventing 

Arndenl' by lightning; the cyclone; St. Elmo's fire; the ignis fatuus; 

tiM]; a<-rolite« and sbnoling stars; tbe aurora borealis and aiistralis; the 

primcrnl atmosphere; weather prognostics; tbe Atmosphere and solid 

(Uth.riud ; the atmosphere and ocean ; tbe atmosphere find vegetable 

"mW; tbe aerial life of insects, birds, bats, and flying-fishes; influence of 

elinmta on man ; flying machines ; the balloon ; tbe pleaaurea and perils of 

"rial navigation; the great Nassau balloon; scientific aerial voyages; 

ud hutly, the balloon in war. Uut of tbis vast selection of intererd- 

"ig clmpien there is but one passage which we will quote. And ibis 

to those comparatively recent resenrclie-i in geology that prove 

1 the possibility of doubt that the temperature of Greenland must 

leen onca even warmer iban our own. Br. Hartwig says, page 306 ; 

't AnRkerdluk, in North Greenland, in 70° N. Int., a large forest lies 

ID a mountain, surrounded by glaciers l.OSO feet above the level fif 

Not only the trunks and bran>:bes but even the leaves, fruit, 

nd seed* have been preserved in tbe soil, and enable the botanist to 

M the speeies of tbe plant to which they belong. They show that, 

firs snd sequoia?, oaks and plantains, magnolias, elms, and even 

Si indicating a climate such as that of Lausanne or Geneva, iiourlsbed 

r tbe miocene period, in a country where now an almost perpetual 

witOT compels even tbe hardy willow to creep along the ground. During 

baune epoch of tbe earth's history Spitsbergen whs likewise covered with 
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ttttUAj fiiKsU, nnd poplars and plnnlnios grew where now 
tiiiiiinor KHrcel; gives birth tn a few sluDt«d herb* in pHrtirularlj 
•ituttioM." At tiiii lime Central Eiimpo enjoved a *ub-trr>piciil ht»t. 
huge ^aUmiuiiIer*, tnrtoises, Hiid npea were to be found nbuniUnllT. II 
hud apace we iliould add HTiother |inmgTHph, on the sulgect of nura] 
chiiieR, balliioni. &c.., ivhich are most intelligently deUiiIi>d, hut wt> oui 
Wn tee only une fMiilI, siid that, unfortUDHtely, is in s bunk in which w 
travelling nhould have [locupiej a Tery large share at the author'a acbmlia 
— vi*. that the subject of aerial nnrigation has been but itnperrecll; 
Thn Kulhur doei not appear to have been Hcqiininted with 
Hiiclely, and lience he hw not read an; uf the eeriTal treatises that 
been }iubli>bed by Mr. Wnnhani, and otbet members, n|ion the 
Broiind* on which thiwc who wish to work toward a practical < 
iirMUUtrily labour. We trust In see this defect repaired in « i>ucr«ediiii 
edilirm; for although ohb of Mr, Olaisber'a first trips is described, lb»I ttlr 
no means exbniislivB of llrilish eHbrls, Slill the book is, ns we have alnmij 
Mtid, moat creditable to its author, most interesting to tbu public, 
UIustraiJOD and topography, it is everything' that could be duirnL 



ECltNUMIC GEOLOGY* 



i 



IT seems to us that PrufeMir I'nge li)u> hit upon a ne\ 
work, and one, too, which cannot fail to promote 
arLi and manufautureB ; while, if we look merely to the sale of his bol 
we may, in on ontitipatiry fashion, congratulate the publiaher upon ht hM 
We any so 1 ecause we are certain that, in setting himatdf tu work tt D 
Held bo has now explored, the author has rendered the (irdinaiy joulM? < 
the worker inlinitely ehorter than it used to be. lie has spared him tk< 
rpeciea of encyclopasdiu travelling which is at once so lenglliy and so ft* 
queatly utiMtisractnry. We know of nothing in the shape of an Engit* 
work in which the man who is working at geology can lind ihe informiBf^ 
which in the present book is clearly set out before him. And by the w<jk 
we by no means infer " the gentleman with the hummer," who n dttf 
intelligently amueing himself during the summer vacation. We leialaV 
man who, whether he be an agriculturist, or an engineer, or an Inspector 
mines, or a glass or china manufacturer, or a whetstone-maker, or a mutii 
after miueml springs, is engaged in a careful study of the soil, to endeavd 
to obtain from it the particular rocks or liquids which are of tmpurtaDM 
bis tnide. A careful student of Lyell, or PbiUipa, or Murcbison, Juk*% 
An^ted would fail utterly in the peculiar knowledge demanded by any O 
of the above, Vet it is exclusively such men m these, who are in warefa 
the mines or other mineral products, who are unquestionably the makrr* 
the immense wealth which this country possesvea. Mr. Pegu has tb 

* "Economic Geology i or. Geology in its Relation to the Arts U 
Mnnufoctures." By David Page, LL.D., F.G.S,, Professor of Qooloitj 
pLirlmiii I-'iiivorsitv, Ci.Uege of Physical Science, Newcasthj-on-Tyl 
Edinburgh: Ukckwood & ^ns, 1874. 



id to tlieir eon^tfltit deni.iids, ami hiu produced a bui'k wliitli, 
i first edition, may presvut a Savr failiDgs, troat the unqueatinuablo 
Boveltj of the Inboun iovolved in its production, jet will, we doubt ni>t, 
effect much good nLd save much labour to some, while opening a aetr pnth 
Id otheta. The oeit edition will, we should think, miod hiive to nppear, nnd 
Uien we abatl expect a better leBson Avm its author. The book ia divided 
btn seTeral chaptere, and treatH of the vatioua subjects into which geology- 
may he aald lo divide itself in a purely commercial fashion. Aiuoiik these 
we would especially refer lo the iectiona devoted to nrchitwture, civil 
en^eering, miniajf work, heat acd light produciug, ([rinding, fire'reeietinij'r 
djrin^, beating, and other matter?. In these will be found a whole 
bolt of mailer whiuh ia not to be found readily elsewhere. We notice, too, 
IhKt the author appends to each chapter a list of the more important wnrka 
upon the subject to which it refers. The cuts are gpoerally we 11- selected, 
t>ut are not by any means numeroua enough. Another suggestion we would 
mtlce for the future edition, and that is, that some of the chapters should be 
Hide more thoroughly practical thnii they are. The hook savours a little 
loo much of the claas-room ; we would alter this as'mucli as possible. 



THE COMMON FROG.' 



PROFESSOR MIVAllT, F.R^S., has here given us a popular hook on 
the anatomy of the common frog, which ia undoubtedly an excellent 
■ork of the kind. It is not popular in the ordinary sense of the word, but 
, in that technical wording Is absent, except in the description of the 
%«tta, where it is absolutely necessary. Further, the woodcuts are ample, 
Wllliey have not been spoiled by au absurd diminutiveness, aa ia not unfre- 
queiitly the case. It ia a fubject not eai^y to deal with, and yet we think 
^ Mr. Mivart has been most happy in discharging the tai^k of teacher. 
TTi» various groups allied lo the frog are of couise desctibed, and on this 
nbjeet some of the author's own views receive discussion. After the genernl 
UMUDt of the commoner variety of tiogs cornea the description of the dijTe- 
lut gmupa of anatomical facts. And we especially thiuk Mr. Mivart i« 
liitiecaniplimeiited on his treatment of the anatomy of the brnin. This is 
^t with comparatii ely fully, the figures helping the student to follow the 
fnBtsdwvlt on in the text, and enabling him to contrast the brain of the 
^ vith the brain of man in its earlier atages of development. The sum- 
"^"J of the anatomical points in which a frog difl'ers from liabes, reptiles, 
tiitiU,u]d mammali is a capital addiUou to such a book. 



By St. George Mivart, F.H.S., &c. Loudun; 
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TYSDALL'S BRITISH ASSOCIATION ADDRB 

WE hnve received frmn Mesars. l^ngman a reprint of the Bti) 
cintion Hddress of Pru^l^BH(l^ Tyndnll^ea wldren whicb, from u 
thitt it Wat delivered in thnt liotbed of Low ChurchiBm, BMlfHBt, luu 
more unoiertn fully nod lesB scii^ntificaJlr denlt witli thnn pvrhnpt Miflhinil 
trrittcn wilhin the pnrt ten ^enr.i. It ia espef^ifdly of iul«reet from tha 
prefitce, in wtiicli the author replies to some of the more inipoTtatit of im 
critieg. ThJa we commend to all, ae well worthy of beinif alowljr ft 
thoughtfully difreeted. We think that Professor Tyudall has vieMed a " 
to hin opponents (as some supposed ), but has expresiied buneelf ll 
and clearlj in defence of the tone adapted in this address. 



THE ORIGIN OF CREATION.t 

IT ii with some surprise that we hare seen so eminently dietingvuEHI 
finn's name ns that of l^n^ao nt the foot of the tille-pa^ of tbi< 
work, and we can only account for it on the siipptaition that the pabli*li«rt 
were utterly ijtnorant of the nature of the hook at the period of pubU»lins> 
In any other acceptation of the circumstances, it is utterly impossible 1 
give the issue of the work before us ; for, to speak plainly, it is a con^o- 
meralion of the silliest nonsense it is possible to conceire em. 
niiy men of the fainteHt sclentilic worth, It is the most eKtravBgaotpN* 
of composition we have nluio^t ever seen written on a scientilicsulgKti 
and again, it is written by men whose knowledge even of the TUdiaOlU 
of science is abntinlly small, or we mi^rbt better say nbsolutely . 
shall only qaote a couple of panan^es to show the melancholy ignOMM!* 
of the authors of this work. Speaking, on p. 173, of coral, thej ttj- 
" The tillp of this chapter may seem atmnire, aa we have always bsM 
taught that coral lUJ nU ip-oic,l hut was desijrned and biiiU by small w 

hut it ia onr pninful duty to inform nalunilista generally tk»l 

their eulo-iT is misplaced ; that coral inaecta are no more to be complied U 
bees than sand ia to sugar; and that they are es unworthy of notice ■** 
common grub or tiy," Again; "Coral ia only a form of mineral (rrowfij 
and it ne aurely grows in equatorial wntera by natural law as ■ tree gnV* 
on the surface of the ground." After iliia we need not add ft sing'* 
eyllable. 

" '* Address Delivered Bi^fore the British Aosoeialion, Assembled ftt B^ 
fast." With Addiliona. Hv John Tvndall. F.R.S.. I'resident. 
■ t "TheOripn of Creation ; or, Ilie Scienoe of Matter and Fon 
new System of Nalnral I'bilosopliy." By T. It. Fraser, M.D., aud A. I>cw«' 
London; l^nnginiina, 1874, 

I The italics are ours. 
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INSECTS ABROAD.* I 

WE ligie tuid Tftrioits occmioiis of wondering at the marvellous indnalij I 
wbicli U exhibited b_T tliu author of the book bf fare us ; and we haTA I 
liiil mvin oDce or twice to condeDin the tendeDcy we aaw dbplayed as I 
s|ipn<ii;liiiig toit Dearlj tliat of the mere book-maker. IIoweTer, " HoniBa I 
Jiiiniii Hands" and bo me other works aerved to ineremte our respect for I 
!!ii' miat popular nataml history writer in our country ; and we coofeas that t 

■- I'^iniiiiin^ the present Toliinie we are bound to say that io most re- I 
|| ' \t it is a worlc which will add to its author's fnme ; it is also a most j 
, '}iiilu book, and its ill ustra lions, which are of two kitiil!i, plates and 
Hoiiiirot!, are most oumeroua, and lack nothing either in nrti^tic worth or 
III >l»iriF Fxcrllence. The pa^e-pliiles are twenty ia number, and are moat 
iitnciLvely drawn and scientiti cully correct, while the woodcuts, which 
iri' iirLT '■00 ill number, are almost on every page of the work. Of courea 

liiiwis lieBcribejl are all foreijjn, but they are of rnstly more interest , 

■ ;j (liiiu one whose taste ia not for natural history would iinag-ine. Let | 
• v.; fur a moment how the various groups are of importance aa food. 

ik^urcoune furnish honey, but many of them are themsctves eaten in a 
limb slAte in many countries, while bee-bread, as well aa several wasps, ara 
nntniimdeted unworthy food. T.ocuats, ajiain, form food for varioua races, 
mi>a\y of man, but of beasts, birds, and reptiles. There is an article of 
ili-1 Buwng the Australian natives termed the " Bugong moth," and dragon- 
diatte al><i used by the same people. In Europe the wood-ant ia used ia 
ilie aiMiufacture of vinegar, and also in the South of France ia transformed 
iutu • certun sort cf cream, called ci'hne mixfota-mU. Mosijuttoa are pre- 
purduB sort of cake, called kmija, among tlie inhabitants of Nyassa lake, 
"id the pru-gni j;'''''' of 'lia "West Indies is considered by those who have 
"US Isnled it (it \» eaten nlive) a most delicious morsel ; a not less curious 
'nicl« of food is the egg of an insect which inhabits the fresh waters of 
^eiicn. and which is made into cakes under the name of hairatle ; while, 
Wly. therv are the better-known iuslancfs of the blister-beetle, the 
cluneal insect, and the well-known manufacturer of " lac" 

The claisea of inaeeta which Sir. Wood adopts are the Culeoptern, Der- 
laoplrra, Orthoptera, Thysanoptera, Nouroptera, Ilymenoptera, Lepidop- 
(en, Knniptera, llomoptera, and the Diptera, under each of which be gives 
an][ilf inftances of wondrous peculiarities of scructare and hnbit.1, but it 
i» more especially the case with the two groups of heea and beetles. From 
the^t, if space permitted us, we miffht select quotations almost without 
"*d, far the author not only gives his own account of each group, but 
'■■pplements it with varied quotations from the works of the better-known 
Mithoiiijet, However, there ia one quotation — the last in this very 
WUreiling volume — to which we would take some exception ; and we are 

■ more sorry fur this as it is a alalement made hy a brother of the author. 
I HI regards the wetl-known chigoe, or p\tle.v [Miittrnni. The gentleman 

r,^ ' ''Insects Abroad ; being a Popular Account of Foreign Iinects, their 
'Wniclure. Habits, and Traiisformntiojis," liy the Itev. J. C!. Wood, M.aI, 
^-1»S, London : LonRmans, Ia7-1. 
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■we have refeired to writes to hia brother that a denl of rubbish Iiu Ik 
said ou this subject— that of the chigoe — and he mentinn*, of ttl* < 
exp«riea(.'e, that '' during the put nioath there would hv bnlf-K-doien •! |]_ 
time boring away and removed two or tJiree times a day,'' He miigt aunlv I 
be indeed '■ lhick-»kiunod," if he has had ao mucb tmuhle with t 
little pe»t«, and has tnlten xo little notice of them. Howevpr, we u* aw«n| 
that the chigw- is frequently an exceedingly aoDoying pmt, aiid indeed i 
eoueliines, if improperly extracted, the cause of e. 



UAVE-nUNTKO.' 

ANEW book, on an entirely new subject, ia that whinh I'rofessor BotJ 
Dankins has given to tbe scientific world. We may at lenst style it 
new, for it certainly is a oovel subject to the prewnt generation of i«a ' 
ftt least fifty years having elapsed ance Dr. Bucltland gavu to the t 
hie well-known ajid clever treatise, " Reliquiic Diiuvianic" But it mtMt 
not be imagined that it b new to scientific men, although it is cuTtainlj so 
to the public, fur for some years tUe labours of the author, of Mr. l'eng«lly, 
Br. Keller, 5tr. Evaiia, Sir John Lubbock, I'rofpssor Liirtel, .Mr. Cbristi, 
Professor lluiley, and Mr. Biisk have nil been more or less licroled to the 
working out of the history of tbe Bo-called hone-caves in this couDtrj ud 
abroad. Now, howe^'er, the time had come, in the opioioa of the audu^ 
for making known, in a work devoted tu the subject in its wideat senaei tbt 
history, mode of exploring, conieut!i, and geological aspects of the nant 
impottaut explorations that have been made by himself and othen^ it 
home and abroad. And in working out this view of the subject tbe autim 
has, in our opinion, done well, and has produced a volume which, tn point 
of importance and of general interest, must hold a place between Kello'a 
" Lake Dwellings " and I.yell's " Antiquity of Man." We can but briefly 
state what has been tbe result achieved by the explorations which the 
author so well details. If further evidence were required than that oV 
tained in America and Egypt of tho antiquity of man, these hooe-cavee 
prove it beyond a possibility of doubt. But they prove more; thev show 
us in great measure, token with other evidence, what were the early rae« 
which lived in Europe and how tht-y succeeded eucJi other; and furthO', 
thuy prove tlmt the climate of Europe was then vastly coldL-r than it is Hair, 
as, of course, it ouca was greatly warmer than at present, Tlieee un ii»- 
portaut facta. 

In dealing with these subjects tbe author has gone in detail into de»cri|H 
tions of the various caverns in Britain and the Ounlinenl, nearly ail at which 
be hos himself been engaged in the exploration of. It is to ba legnUti, 
however, tbut he has obtained auch very muagre iuformntion regardlop ttw 



* " rave-hunting; Researchi . ... ^__ 

lisrly InhabitanU of Europe." By W. Boyd Dawkins, M.A., I'".It,a, 

Oitratar of the Museum and lecturer on Geology ' " 

London : Mncmillan, 1874. 
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la of Irelanil, some of wliich — tbnt, for eTaniplo, at Dunmore, where 
BO many human beingB were destroyed hy the cruelty of an Eaglisli officer in 
days pone hj — are vaatty larger than nny of the English caverns. But if we 
overlook this we certainly must ndiiiire' the manner in which he has given 
and illustrated his account of the caves. More than 190 woodcuts nre dis- 
trihuted over the bonk, and lend a considerable interest lo what otherwise 
might prove to the general reader somewhat dry matter. The information 
in the appendix will be usvful to intendin)^ cave-explorers, for it explains the 
various ioBtruments thiit are of use to the CAvem-hunter. More particulariy 
do we think the statements on the subject of cave-rafts extremely valuable. 
The facts, too, as to the method to be pursued in the exploration of newly- 
found caverns we think very useful. One of the chapters of the work 
cooMsts of a report of Mr. Dusk's paper on the human remains from the 
cftvern at Pertbi-Chwareu, and this is n most instructive communi(?atioQ, 
from the very careful manner in which the various measurements have been 
noorded. Altogether we must wish the book every success, for it is a very 
good summary o( the labours that have been achieved by one of the moat 
Uiortous and highly qualified of the labourers. 



ON MAGNETISM.- 



flUlE author of the weU-known treatise on " The >Va7e Theory of Light," 
J- Dr. Lloyd, of Trinity College, Dublin, baa now produced as im- 
portuit a treatise on the subject of general and terrestrial magnetism. It 
would, of course, be entirely out of our province to criticise such a work, 
which comes from the very first authority on this subject. We have, how- 
Vfer, great pleasure in announcing the book, and staling that mathematical 
readers will find it discusses fully the laws of this complex branch of physics. 



THE MENTAL AND SOCIAL CONDITION OF SAVAGEat 

ASSUItEDLY this was a difficult task to take in hand, for it involved, 
besides a wondrous amount of reading, n keen discrimination between 
what was reliable and untrustworthy, and eventually a very close power of 
tvasoning to place the facts attained by the system of study iu their proper 
order. In fact, the di-awing up of such conclusions as Sir John Lubbock's 
was a task which tcc are sure must have taken him years to accomplish. 
And however we may object to some of the determinations he has drawn, we 
most bow to ibe natural honea^ of purpose that appears displayed through- 

• "ATreBti«> on Magnetism, General and Terrestrial." By Humphrey 
Lloyd, D.D., D.C.L., Provost of Trinity College, Dublin, formerly Professor 
ot Natural Philosophy iu the University. London : Loncmans, 1674. 

t " The Origin of Civilisation and the Primitive Condition of Man." By 
Sir John Lubbock, Bart., M,P., J'.B.S. 3rd edition. London : Longman" 
1876. 
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out the eulire essaj. Of coiiRe, tliis lieing Om ibird edilit.n of IhmHi 
we shall not be expectcMl tn pus it in Ktievr bi'fora tlie riMtdiv. V 
msy, however, ju»t aliiiile la ane or two pnitiU in it which strike ns 
being of spetiril im porta uci!. And tliesD nra the chapters on Mnniftga u 
on LanguRge. Tboae which denl with the queBtiua uf nupiiiU ties art 
excessive interest, nud tbey carry out the pucpoee intt^nded by the Mithoi 
that of showing its tbiit nhuost qII ideiia iif niArringu, bnweTi-rdiiriitisntljtli 
several bonds may be astubliabed, have yet n cerluin amount at uiuu 
among tbeni, even if we oimpare out own nyalem with that of the King o 
Ashaulee, who " always has .'t,^33 wives." The Ghapter un the origin of III 
names Father and Mother are very well worthy of being studied ; for th«J 
show us that about lAU ditl*erent langniagea, ejulusiie of tUoM derived bom 
Sanskiit, have nenrly the same names for the two parents. Indeed, o 
subject, that iif Inuguaii^n, the author pc>ii>t« out many facts which show na 
thai the hnbtt of enumerating is one which c.xista to a very slight eitaDt 
among sarnpe races, some uf whom,hp mejiiiuiis. are unable to count ns high 
aa ten, while others are absohilely rediirtd to counting two. He ahowa how 
UDiversal is the habit of counting on the Dngera, though he does not mentio 
that our own Roman numerala are on the same principle, 12 3 4 being Hi 
four fingers, and 5 the V, which simply represents the hnnd extended, the 
foor fingers being on one side, the thumb on the uthpr : while 1 
Eame way, with the two hnnds up, frtim 6 ti> nre formed, and 10 >• 
simply the two bands placed wrist to wrist. He states that " the 2!a 
and Muysca Indians have a cumbrous but interesting system of numeralioiL 
For 5 they fay, 'Hand finished ;' for ti, 'one of the other hand;' 
is to say, tnlte a finger of the other hand. For iO they sny, " Two li 
finished." or eomotimoa more simply, "Quicha," that ia, foot, &c, &a 
Perhaps one of the most interesting parts of this volume is the appesdil^ 
which coQlains the author's reply to the Duke of Argjle's Gpeculntioni. I|> 
this Sic John Lubboch has cautiously expressed the fallacies of the DuJh'' 
argumentH, and in a foot-note to the last page but one expresses himself in 
justifinble sarcnsm on the somewhat anomalous position accepted by hie Qnca 
Thia ia a book to be rend only by the careful student, who will find ti*t 
he ia well repaid for ihe liiue expended in formulnling some of the too- 
cluaions of the autbor, 



r 



ECLIPSES, PAST AND FUTURE.' 

F this work had been limitial to eclipsea, it would have ruut with oi" 
' approval, aa n useful book; though wefnucy there are few who caranilH' 
about partial eclipses visible in England at distant future dates. IJul i'^ 
second half of the bouk spoils it. In dealing with celesliul ubjecti fV_* 
amalL telescope Kir. Johnson shows neither liternry skill, nor cleaneaa il 
explanation, nor originality of ideas. Moreover, oiiu wnuld supposa ita* 
others had done nothing in this line, so completely does .Mr. Johnson tgoUt* 

• "Eclipses, Past and Future; with general Hints for ObaervinB 4' 
Heavens." Uy the Hev, J- Johnson, M.A., F.IE.A.S. Parker & Co,, Dlfijrf 
and L'indon, 
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THE TRANSIT OF VENUS.* 



• Ul«rature of the subject. Uu UieoriB«a, iodeeil, occasionatlv, but in thia 
feeble fftihion: — "If we look at our maps we shnll aee tbe parts of one 
CODlinent that jut out agree wilh the indeuted portiaos of another. Ths 
promineDt part of Africa would Rt in tlie opposite apeaiDg between North 
and South America, and bo iu nutuerous other inelnuces. A f^encral rending 
asunder of tbe world would Beem to have taken place when ' tbe foundatioiM 
of the great deep were broken up,' " He surpassas even this, howcTer, when 
he MTS that " it mnj not be ^oiug loo far to lee in tbe atara a, ;3, and 
7 Arieiis an emblem of tbe blefised Trinit;." 'We think it is going a 
great deal too far, unless tbe writer's object were to raise a laugh. But, 
Ur. Johnson being a clergjinaa, thia can hardly be the case. 

^BB|7E have here two books beft^rc us, both dealing with that reuiarkable 
^^Tf attronoicical phenomenon, which, we have learnt from the papers of 
about three weeks ago, has been so well obaervod at most of the English 
■tstiona. The two works are somewhat dilTereot, the one being a alight 
■kelcb of the subject, well done, of course, hut still very popular; the other 
is a fuller account of the history of the phenonienoa, and deals more scien- 
tifically with the entire question. The former is the account given by 
Professor G. Forbes ; the latter is from tbe pen of that well-known and 
careful worker, Mr. R. A. Proctor, B.A., F.R.A.S. Thifi work extendi 
oTer 250 pages, and is very full on tbe subject of Transits, giving k 
minute account of these phenomena as they occurred in 10^9, 1761, and 
1"|J9. Then there ia a chapter on Transits and their Conditions, which 
enables the reader the better to comprehend that upon the present tranut. 
Ur. Proctor discusses these undiT tbe beading of " Placea for Observing 
the Early and Late Begiunings of tbe Phenomena," and " Fkces for Ob- 
aerving tbe Early and Late Endings " ; and lastly, " Places for Observing 
tli» Greatest and Least Deviations." He approves of the fact that most of 
tbe ftstmnoniera adopted tbe Delislean as well as the Halleyan method. 

IViressor Forbes has not set himself so severe a task; still be has done 
his work admirably, and we doubt whether not a few readers will prefer hia 
book to that of Sir. Proctor, thnmgb its easy, familiar style and the absenoft 
of all abatruse questions. Both authors discuss tbe question of the so-called 
" black drop," though we confess that neither aeems to have hit upon the 
"whole cause, though Mr. Proctor seenia to have most nearly accounted for it. 
Mr. Forljea'a account of the experimental mode of observing an artificial 
transit proposal by tbe Astronontei-Royal ii full of interest. Both hooka 
will have to be read by the astronomer. 

* "The Transits of Venua ; a Popular Account of the Past and Coming 
Tiansita." By R. A. Proclor, B.A. London : Lnninnans. 187J. 

" The Transit of \'tnuB," I3y George Forbes, B.A., Professor of Natural 
""iophy in the Ander?oniau University. London : Mncmillan k Co., 



TOPCXAH SCIKSXX HEVttW. 



THE DOCTltlNE OF ENERGY.* 
TlJTi. 1). HEATH laa nltemptM] to write a book whicli shall expliuii wlitt 
-iJA ia iLe nalare of so-calltd energy, ond how it is influenced by varions 
conditions, exlending so far even as pLjsiologv. But he has endeavoured to 
write such a book exclusively for hoys of the clasa of the " tith foiia Bojri of 
the Surrey County School," In this we think he boa completely Eiilc^ 
That ho has the knowledge ne dn nut deny for a moment ; but that he » 
capable of imparting it in aucL n popular form lu Profeasur Tyndall ot 
PtofesBOr ITuxIey would adopt, or indeed in a popidar form nt all, in raj 
decidedly deny. The book is a F-'Ood one, which may he read with aA- 
Tantage by ntudenla who are preparing for the London University. Batfa I 
schoolboyfl we certainly do not think it is at nil well adapted. 



AUTOUIOGRAPIIY Of DR. GRANVILLE.t 
rpiIIS not being a scientific work must be our only excuse for so aborb 
-1- notice. It is, in point of fact, not a book which should have com* 
us at all; still we cannot help saying that it has interested us ao mi^ 
that we were insensibly led on from pikge to page, till at length we det-^ 
mined to read the two volumes of whicn it consists. And we linve b^2 
intensely pleased with the life, for it is a soit of sketch of the politics 
the time ; something, in fact, like a story of what Holland House m. 
hare heen — a mixture of sociality aud political matters of the mo«t 
terestiog cliarncter, and told iu a brilliant, sparkling style. The work= 
one which tboae who nro ignainnt of the life of the last three quartets <^^ 
-century should read. Then they will see how much a man who was »*" 
en Italian, though by associntion nn Englishman, can be oiiied up ih^ 
ihe aflairs of his century, though belonging to so humble a profession as b-1 
of medicine. G reat credit is due to Ins daughter for the very laudable ^ei 
somewhat reverential manner in which she has discharged bet tatl^ 



A YEAR'S BUTAM'.l 

11HIS little book we have carefully read, and we can commend itlri 
- careful altentiou of all who are iitterested in the auhject. T 



• " An Elementary Exposition ot the Doctrine of Energr." 
Heath, M.A., formeriy fellow of Trinity College, Cambridge. 
Longmans. 

t " AutobiogtB[>by of A. C. Gmoville, M.D., F.E.S. ; being Eighty-«dt 
Years of the Lila of a I'hysician, who I'ractised his Profession in My, j 
Greece, Turkey, Spiun, Portugal, the West Indies, Russia, Germany. FnuM, 1 
and England.'' Edited, with a Brief Account iif the Last Years of bis Lib, 
by his Youngest Daughter, Pntdinn 11. Granville. '2 vols. Londoa: 
llenry S. King & Co., 1874. 

1 "A Year's Botany; Adupled to Home and School Use." ByfVuaM I 
Anua Ivitchener. Illustrated by the Author. London : Riviogioiu, 1674. I 



■•vIdeoUy n book trrlttea by one who thoroughly undersUiDila ktr aubject, 
and who hiu carefully btudind Mr. Darwin's writingi. Tier laoguage is clear 
nod terse, aud hor illmtraiioua (her own) are capital drawings, in which 
Nature is nlone adopted. It is one of the best little books ive have seen for 
a long time, and the appendix is a valuable additiaa. 



The following works hare been received, and, owing to the late period ot 
their pnblicatioa, will be noticed in the next number of the PoPtruB Sciescb 
Review ; — 

"The Doctrine of Descent and Darwinism,'' bj Oscar Schmidt, Professor 
in the University of fi trash urg (Kin |{ Si Co., 1875); "Evolution and the 
Oripn of Life," by H. Chariton liastiim, M.A., M,D., F.R.S. (Ixiodon, 
llscmilkn & Co., 1874J; "History of the Conflict lletveen Religion and 
i^cience," by J. AV. Draper, M.D., LL.D., Profesaor in the University of 
Xew Yorh (Ileury S. Kiujf & Co., 1875) ; " Reliquiae Acquitaaicie," Part 
XV., Edited by T. Rupert Jones, F.R.S. ; "Supplement to Itarvestiug 
'Auts and Trap-doot Spiders," by J. Traherna Uoggridj^e, F.L.S., with 
Specific Descriptions of the Spiders, hy the Ref, D. Picnrd-Cambridge 
(London, Reeva, 1874) ; '■ Prodroraua of the PaliEontology of Victoria," 
Decade J., by F. McCoy, F.G.S., Profi^sor of Natural Science in Melbonrne 
University (London, Triibuer, J874). 

We have also rei^eived the following boolis ; — A " Tract on Ikluaical Sta- 
,*■ by John Curwen (London, Tonie Sol-fa Agency, 8 Warwick Lane, 
',); the "Safe Use (f Stean)," by an Engineer (I^ndon, Lockwood & 
1874); the"Annunl Report of the Smithsonian Institution (U.S.A.) 
tor the Year 1973 " (Washington, Government Printing Office) — this is aa 
««ellent volume, and contains, amonf; other interesting matter, a " Eulogy 
on Amp^ie," by M. Aragi>, which extends over more than sixty pages, and 
is »dniirably written ; "Synopsis of the Flora of Colorado, U.S.A.," by T. 0. 
Porter and J. M. Coulter (Washington, Government Printing Office, 1874); 
"Tenth lieport of the Board for the Proteclion of the Aborigines in the 
Colony of Victoria" (Melbourne, 1874) — a very interesting document; 
"Uescriptive Catalogue of the Photographs of the United States Geological 
Survey of the Terriloriea " ( W, B. Jackson, Photographer) ; and " Bulletin of 
Hie United Slates Geological Surrey, Nos, 1 and 2 " (Washington, Govem- 
ttmt Printing Office, 1874). 
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the tiMisit oi' \'enii9 on Decumber — the most importaiit k 
«Tent (in coryunctiou with tlie compnniiin tmnait of llfMmliiir ( 
the pretent centiir}'. .As we wnle news hnn been receii-od frnni lb» gm>l*r 
number nf ibe Nurtliern etatii>[is iind Troiii & fenr Snulliem BtiilioiiE, and m 
lunjHyinbiier Ihi t Ilnllf'jrai] aiicce^ia aMurrd. But npshnll not be AWtic 
of the full estf nt of the siiccesB nltnincd bv BBttononiera until we bew from llw 
friucipftl t>otitlifni slHtion*, mid ecpMially from Kergi'elcii Lnn<l, itlipr 
kM than four of the moat itnponatit oWivin^pulieB are cniwdini lujcMlier. 
JBefore entcirin); on h »ket(^h ot iLu resulls reported from tnriouB Htntioni, wv 
mny remark Ilintthe AmericHns, who sni'.t^ in the Stmlara, vera iiiiaUetD 
affect a landing at Crozet Uland. Itou^th weathtr prevniled when th^ 
leaohed thiit island, the first slalion on llieic roiit«, and after Y'nitia)' i 
time, they were enuipplled tn proceed, in «nler that the other obs 
parties mifiht nit be unduly delayed. The party intended for 
therefoie proceeded with the otlier^, nnd eventuiilly (it U reported) triok op 
k post nt Campbell Town (not C'nmpbell Isliind, fu nt Rrst stiitml), in *]' 
Dia. It is now stated that the Aetmnonier-Itoynl ur^^d tlie Ainerict 
attempt n landing- at CroEet Ulnnd, the very pince nhicli he Tcjecled IB 
November 1673, as innt^ceHible, ridiculing the idea of its bein^ m^cnpiBiL 
Credit is cluimed for hioi on this score by his chief nssistanC nt (Ireenwidll 
but as the Americnna hfid but one chnni'e of landing there, whilft Enf^illd 
bad mtich more cmvenient opportimllies, and vet has two parties e 
by at Ker}.'uulen t^nd, and none at ibe Crotet^, we fail to e 
bow the claim for credit is ninde out^ The value of Ihe atnltoii, ' 
first piiinted out, was b'nnlly deiii^J h_v the A-itmnonier-Itoysl. We 
also mention that the French, aftiT meelins with many dlHivultirs, llim 
effected a Isudinj; at Campbell Island nnd St I'liul's Ishmd — iheM iNtq 
two of that seiies i f " innccea^ble rockn, mere gpogmphical uiytbi,'' 
excited the ridiciule of tJie Admiralty nutborities Inst year, 

The news may be thus summnriied : — 

From the Nortb-enstem Delixlean rejtion for nbaerviug accKlcralcd egwi 
we have as yet received no nuws. But as the TTsIIeyui stations aiuaad it 
Japanece Sen have a ei-cond-rate value for this phase, we are ai 
Ilia been efficiently ohtcr^ed, as will prctenlly oppear whcD VC O 



tepnrtt from Ilallejin slalions. It U to be Imped, linirever, thnt some of the 
English «Utli>n» on the Ssnilwich Isles have bad good wenlber. 

i'toai the South- weslern Delislean rej-ncn for obaerving relanled ingress 
v« hace u vet no reports (up to December 15). 

From the South -enstem IJelialean region for obaerving accelerated egress 
v^ have liivounible reports in the case of the only two stations whence 
..ri-lligeoce bss yet arrived. These are Melbourne and Ilobart Toivn — the 
. . trs from .Adelaide being of small iinportnnre. .\t Melbourne, Mr. Ellery, 
■• able chief of the Ubservati'ry there, reports complete success. At 
H 'bart Town the Americsu party hnd partisl Kuci-tif?, but tooli 113 photo* 
.rafbs, and we may presume observed contacts. It is, however, just possible 
:£ljI they did not get both interior conlacte, in which case the thief value of 
iheir results will consist in the determinatiin of the position of the chord of 

From the Xorth-westem Delislean region for observing retarded egreaa 
wo have both good and bad news. Unfortunately the bad news is wore im- 
T 'ftant tban the good news. In brief, all the best stations for obserrlng tbia 
. -.i»ae had bad weather. Tbe»e were tiie KiL^nnn stations over the region 
' ^'.^oding from the Caucasus over the Houth'Western parts of Siberia. Here 
7 ««ty oboerving party fiuled totally on account of clouds. At the following 
inferior though still excellent stations for this phase— Roorkee, Teheran, 
&iid places in North Egypt — a complete succesa was achieved. .\t Ispahnn 
tb« German astronomers lost tbe inferior contact at egreae through clouds, 
but secured several photogmplis. At Madras, Mr. I'ogiKin failed almoet 
'wholly. The observations i-eported from Kurrachee, Indore, and Calcutta 
^^■(re probably rough, and if they have any value at all can only be useful 
A> Uilkyan cibservalions ; for the Delistean method requires very exact 
««tiiDOiiiicBl work for driermioing true local lime, whereas if the duration of 
traint were fairly well observed at those stations ihu result will be of con- 
ndFtible value. 

Fnjm Northern Halleyan stations, for observing lengthened duration, we 
b»c news of great succeese^ ; in fact, far better results than could have 
bftD hoped for even by the most sanguine of tbe Halleyan advocates, We 
■Bav ptemiw that recently, in speaking of the two methods. Sir Q, Airy 
daeribvd the chance of obtaining a pair of Halleyan observations as jj, tbe 
cituce (or each contact being i, whereas the chance of obtaining a pair of 
tIeliiiMn obaerralions, similarly calculated, was described as j, similarly 
Sedated. This line of reasoning (though not strictly exact) would be 
^Meedingly strong as against anyone who had been so ill-advised as to re- 
icmuDsad leaving Delielean regions unoccupied, but which is simply vatue- 
''Vusgainst the proposal not to leave unoccupied the available Halleyan 
tr^obi. Well, we have from the Northern Halleyan station", notwithstand' 
% these overwhelming odds Bgainat them, moat gratifying news. From 
^'«tMhinsk. the best of them all, the news comes of complete success, both 
mltrior contacts being observed, and thirty meaaurenients of distance 
i>bisiDHl with the fine heliometer at that station. From X'ort I'ossiet (on 
lis weal^m shores of the Sea of Japan) we learn that duration was observed 
ud many pholographs luken. At Wladiwostock and Nagasaki the whole 
inarii was objeri ed, and upwards of eighty-five photographs were taken by 
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mmeiT. Moveo^er, upwards of 

NagHMHlii, besides mnny excdleat ntHerroUaiu of ibe 
trtunsit of the Sua and Venus. The Frunoti nliMirvaljoiw ondei 
Jnniisen wen thus reported lij the Astmuomer-Ruynl.at tliu nimtinyr oE tl 
Astrouomical Society on December 11; "The wenther nt N&itanalii wi 
mngiiiiicent : the traosit ubservalious in Jnpnn ware luodt KiiL-ccHruL (Jbte 
TBlioDB of the conlActs were mode by revaWing [>hotogr«ph^ ThNt is wbi 
we (.'ull Jnntuen's plan, Eind I suppose ibis report, ihuu^h no nitme a MI 
comra from Jaaesen bitUHelf; 'Fine telescopic iniH^». No liganNOt 
' Venus Keen over sud's caronn.' Tbot is a singular report, which wo bar 
not from any other sttitioD. It is wbtit in our language we should call ots 
the chromosphere, but I cDunot saj how much is included in the wu 
' corona.' ' Glass photographs and silver plates.' I cull Bttontion to ihii hi 
muse the exprension is rather ob$«ure to nisnj of the younger Fellows of til 
Society. Glass pbotogmpba are common ; but silver plates are only knoan 
to those who remember the original dn^Lierreotypea, and it is apparently to 
them that reference is mnde; and it is important when we remembtr thftlui 
exactness there is no compurison between a [;1hss plate and a dnguerr«otTp% 
the latter being infinitely more accurate. The lelegraiu i 
'Cloudy nt intervals ; two mpnibers of our misuon have mad« obavrvtitioM 
successfully at Robe.' I cannot say what thia news is^ it ia one of d 
difficulties in which telefpanis frequently leave ns." 

The aduii^ion relating to the superfority of daguerreotypes over glM 
phntnj^nphs is noteworthy, oa is pointed out in the excellent s 
reports in tlie " Tiinea " (by Mr. I^cliyer, we believe), for iho uae ot ^W 
photographs by the British parties was specially Muctioned by the AalnsB* 
luer-lluynl. Success was al>o achieved at several other Itussiaa Ilalleyll 
etalious. At Roorkee, in North Indin, line weather prevailed tbrol^ 
out; and besides olmervationa cf all the contacts, upwards of lOD phol^ 
gniphs were secured. 

The Southern Ilalleyan observntions as yet reported are those mail* it 
Alelbiiurue and HobiirtTown. Professor Newcomb considers that ihsAflitB* 
can work at Hobart Town, combined with that accomplished by the A) 
rican parties at Wladiwostock and Nagasaki, will auflice to gire the Kila 
parallax within the fortieth part of a second of arc 

As we write we bear news of the successful observat 
Chefoo (or Tschifu), iu North Chinfk, by the German aslroTiotner* it^ 
tioned there. Aa they have made good heliometrlc ohaenatiaiu Bi 
secured pood photographs, this is an important Ilalleyan 
latest Intelligence, to Dec ^0. — Wp regret tu have b 
plete failure of tho English party in Now Zealand, almott nullif;fiiig fi 
Egyptiin Buccesg. The Americana in New Zealand secured the cbordal 
transit by photographs, but mitied egress. At the ^nndwich Isles psrdl 
auccesj was achieved by two parties, Hounlulu and Atooi, though the Ju 
eeu photographic method failed. Barnaclo and Forbes, at Owhyhee,W 
nothing. At IWunion the Dutch h»d only partial success. 

Solar PnraUa.c from Obiervnlioni of Flora.— Mr. Golle writes tkiwfo 
Bnislau to the Astronomer-It oyal : " jVa I availed myself of your kindn 
last year, in recommending that observntions aboidd be made of the plu 
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■ SleiK, in llie Southern liomiaphBre, irith tlie tipw of using ihe sniiie for i 
il«temiitiBtiaa of the value of the solar pArulluc, I could not omit brieflj to 
inform fou tlmt these obserrutioDS hare been cftrried out nccordiug-ly, futd 
have furuiaheii a very saliafiictory result. Thanks to the co-operation of 
three Southern Ubaervntories (Cape of Good Hope, Alelboume, and Coi^ 
dobs), and uiue oluerrntlons in the Northern hemisphere, there have been Bo 
many corresponding ulMerrntions, that results for the parallax could be 
obtained frou fotty-tliree difletcnt comparison-atHrs. The mean diflera verj 
little from the Mors obsercatd one of 1862, and from the result of Nemuouib 
(x^6"'85), The definitive result, honever, cnnnot be axsigned for some 
monthi!, on account of a uuuiber of discordant obscrralious, in regard to 
which some iniiuiries must be mode of the obserrers." * 

Proponed Obterpatury at JioyoCa, Hoidh Americn, — M. Oonzales, Director 
of the Nntional ObserTntory of Columbia, has announced Iiis intention 
to establish a Physical Aslronomical Observatory at Bogota, the capital 
of that siDte, at an altitude of about 3,000 metres above the loTel of 
Ibe eea, and in latitude 4° 33' N. On account of the transparency of 
Ibe almoEphere, M. Ooninlez believeB that this obeervntory will be most 
bvountbly situated for delicate obaervaiions, such as the spectrum analysis 
of the liearenly bodies, especially of the Sun, the Zoditicnl Li^ht, &c. lie 
iDtends to give up the direction of the Katioual Obt-ervntoiy, so that he 
may be able to devote liis whole attention, tree from the control of the 
tiovcmment authorities, to this peculiar clnsa of physical observation. M. 
'ioDialex expressed a desire that liis private observaiory mi^ht he considered 
18, in M>me measure, h depeudence of this Suciety nud the British Associa- 
tion, and he tvould therefore be hnppy to receive nny suggestions from the 
ieadlDg Fellows as to the best means of utilising the observations which ho 
hopes to tnake in sucli nn i'xc«>pttutial1y elevated locality. He is moat I 
deairoua to curry out nny recoinmendaliuns he may teteive so fat as bis 1 
resource* will permit. 

Sata/lifa of Craiiua. — Professor Ilalden, of the Wnahington Observatory, 
after confirming by ohservationa with the great SO-inch telescope the ele- 
>)i«i)tit a»signed by Mr. Lnssell to the two inner satellites of Uranu!, has 
been nt the pains to trace back the motions of theee bodies, iti order to sea if 
either of them had been seen by Sir W. Mer^hel. lie litids reason to be- 
lieve that IIeri«hel saw both Ariel nnd Umbriel, and " was In truth the disco- 
verer of Ariel and Uinbriel, as well oa of Tilania and Uberon, but that he 
v«s unfortunately prevented from identifying the inner satellites because his 
telescope could not show them on two succesiiva uijfhta." On this Mr. 
Loasell, entering " on self-viudicalioa reluctantly and even painfully," as 
recognieiug that "egotism is essentially imgratefut," remarks; ■'! myself 
claim to be ihu original and only discoverer of these inner satellites, single* 

• It appears from Dr. Ualle's paper in tlie " Aslrononiische Nachrichteo," 
.Vo. 2013, that the result obtaiued from the wiiole of the forty-three stars is 
8"'1)'23. He proposes to omit all the observations where the discordance 
exceeds 0"-7fi, which would give 8'''858 tie the resulting value for the soloi 
parallax from a comparison of the observntioua of the planet and thirty stars 
(Gfieen in each hemisphere^. This selection, howeter, is at present quite 
arbitrary. 
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banded itnd unaasisled. without cotuljutor, rU&l, or competitai 

reaaonB for quKslioning whether Sir '\V. lleracbcl reoilj mw t1 

lites. It (lau surely make little diSereoce, ao tatM Mr. Lumell it coneenied, 

wliethei Sir W. Herscbel *iw tliem or not. Lemonaier And Flaiualeed 

Biw Uronua loug before Uerfebcl did, but Sii W. nerscbel's credit it is 

«Oit nfTecIed by the drcumatance. 

PretrtU atatc of M. Ddauiiay's Invatigation* oh tk> Lmnir Tltttry. 
Profeisor Simon Newcomb etBtes thfit " DirlitURit^p'* two published TolumM 
form a substaaliitll; complete work, so fnr ns the [irobleni of tliree bodiei i< 
ooiicemaJ. It remaiiu onlj to ndd the terina duo to the motion of Ilia 
«arlh round the common centre of gravity of the eutli and mooD, wkicb' 
a simple matter, la the preface ta the second volume Delauoay pronUM 
a third Tolunie, to contain the invesUjtarton of the other actiooa to whid 
the moon was subjected, in the spring of 1871. I learned from him thit b6 
hud done subatantiallj nothiot; towards preparing this volume, exc^ to 
compute the secular acceleration. The result of tbia was publiihed id llu 
' Comptes Rendus.' lie was »o much occupied with obs^rvntor; muiwi^ 
ment during the reioniuder of his life, that I feel confident b<f did little or 
nothing in addition. Last summer all liis theoretical investijntioni were il 
the Obaerratory of Paris in charge of M. Loewy, who was daBirous of con* 
tinuing them. So far as the perturbations due to the action of tlwin 
were concerned hu tables were completed in 1871. Xt remains not oolf 
to finish the supplementary resenrches and tabulate tLe resulti, bflt t> 
investigate the lunar elements, and to forni the arguments of the talte 
This work had not then been taken into cousiderati>>n, and so fafMllmo* 
WHS not commenced at all before his lameiiled death." 

Edntiotu bttwetn Vie MotUitu of some of the Minor Vtaiifd. — PtaEwor 
KirkiTood, of Bloouiington, Indiana, in a letter to Sir. Proctor, says: If 
your theory of planetary accretion be true, the zone of asteroids must pi* 
bably furnish iustances of special relntions betweeo the mean molioaBof iu 
different members. I refer to such relations as those found by liiplw 
betweeu Jupiter's first three Mitellites. Soon af^r your brief riMt is 
Bloominglun in March, I cnmmenctd comparing the mean motions itf enftli 
members of the gmup with tliOM ol Jupiter and Siilura. The reanmth bw 
already been crowned with success. My redulta, in part, aiis bm follow >- 
Let »*, n'', represent the mean motions of Jupiter and Saturn) 

n'5<'), ,(('«>, &c, thoRB of PalBi-, Wana, &c. ; the numerilt B 
parentheses denoting Ibe minor planets in their order of d)(- 

Let also L(W), LCS), &c. represent the mean longitudes at a p«« 

epoch ; then 

n(W)-3„c:fl) + 2n I'D^O ... (1) 
L<»»l-3LOS) + 2Lai| = IM)=' ... (2) 

The exact similarity of these equnlious to those of Laplace, refenfj t> 
above, is at once apparent. The origin of the relation, whether w« occcft 
the nebular hypothesis or your own theory recently annouocMl, m»; bt 
•ecounted for as in Note 7, Tol. ii. of I^place's "System of the Worii" 
Bat were the relations expressed by ( I ) luid (3) rendered rigorously tiuA 
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by the mutuft) attrflcti.in of Pules. Didna, Bcd Porthenope P Tiii«, to myself, 
seeWB trholly impmlMibie. The required eipl«natbn is to be looked for h 
iJw pertiirbinfr influence o( Jupiter and Saturn. A cumpdrUon of raeai 



IS gives tli« following eqimlloc 
2N(li)-l)n» -I 
„(J8)_ 4n^ H 



(3J 
(4) 
(5J 



Kliminalinjr n» and h" from (3), (41, «nd (5), we nbtftin wjuntion (1), 
Otber results hivo been resched, which will probably soon be published. 
T/ie Zotluival Liyhl. — Mr. Plummer. having been engufred nhservinff 
Comet 111. IS'J (Cogpin'a) upon levpml occasions during the early morning 
hours in Ibe present nnd preceding monthii, has noticed repeated biilliaat 
exhibiUons of thrt zodincal light. Upoa seven niorniu<>8 it hna been very 
conspicuous indeed, more than rivalling the bri^'btneaa of the Jliltcy Way, 
namely, on September 17, 10, 21, 22, October tl, 10, and 21, at houra 
varying from 14b. 15in. in the former month, to 16h. Oui. in the latter. On 
October 10 il war invisible only in consequence of a general phospboreaceot 
atote of tlie sky. " As these were the only dates,'' he tays, '■ upon which I 
lutd lb« cppotlunity of observing the phenomenon, it appears to justify the 
CODcluuoQ that it bas been much more distinct and brilliant this autumn 
than is usually the case. This confirms n precisely rimilar opinion which 
w« forced upon me during the spring of the present year, and which I bad 
already comniiimcated to MveiaJ astronnniical Iriends. It la the more im- 
portant, aa a liie period of maximum brilliancy appeared from my own 
obccTvations to have taken place about the spring of the year 186C ; which, 
if correct, would aeem to indicate a periodical variation of brightness that 
has not been previously noted. I am induced to call attention to the 
nutter, as it is not unlikely that the ensuing spring may also be a favour- 
able eeeaon for observing it. I may mention that I hare long watched witii 
interest for the ntinual msDirestations of the xodiacal light; and although 
my remarka thereon are scattered through the notebooks of difiVrent 
observatories, the above suspicion, which is founded upon them, may lead 
to more nlteniion being paid to it than formerly. If Southern localities are 
more advnntiigiious for the spectroscopic examination uf the :iodiacal light, 
there seems no renson why varintions of brilliancy, supposing such to occur, 
may not be observed in England. Indued, after making allowance for the 
want of purity of our atmoiphere, and \o aonie extent also for the greater 
duration of twili-ht, there would seem but little reawin why the lodiacal 
light may not be a« well observed hero as in subtropicftt regions. As Colonel 
Tomlinig's observatory will be furuished with spectioscopic appliances 
before the next apparition of the lodiacal light, I slialt not then fail to 
giv« tlw subject careful consideration in each of these aspects." 
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BOTANY. 

The Slutabilily of MicroKnpie flerim. — On llie lUtU of NnveniW hut Kf 
J. DuTol presented n note to tha French Arademy on the nbuTC mbject, i 
which, referring to hU rormer pnper in the " Jnanial de rAimtomie' fi 
September 1874, he stHtes that li« hu found n inenns of explnininp both tl 
doctrines of the panspermiste luid (be hcterojieiiiatfi. And tlii? explaMtio 
lies simply iu thu stntemsnt that he has discovered that the vaiious tc 
minute urgnnidina (auch as fermeats) ore simply one and the snme o 
which haa the power of becnming differeuily dcTeloped. lie m; 
" A trace of alcohoUe yeast eawn in media chemically Appropriate hu giic 
birth to laelic, btmoie and urek fermeutatious, and in every caae I found tl 
formntioD of a new special yeast for each rermentation, The tmnifotni 
lion of yeiifita into one another is then pouihte, and it happens from all ti 
■ridence of these (acta that th« specificity of Hction of different fftimenta i 
ft purely reUtive plienonienon dependent rather upon the compomtion 01 
stateof ibe media than upon the proper coiistitutiuD of these same atgnninuL' 
The paper from which this is taken is fm extremely interesting summnya 
this author's views, but it is in the essay iu the " Juanial de TAnatca^ 
that the evidence in favour of it is to be found. 

Thf Carpellarij Theory applied to the LOiacea: and MelantkacMt. — JL i 
Tr<!cul, one of tbe best physiological botanists in France, haa been ti 
diKUBsing tbe above theory, which be considers applicable to the two Oldtt 
tbere giren. He thinks tbey Rive new eiamplea of the various modes ( 
nervadoQ which be haa formerly described, especially in treating of Rumi 
culacete. He ciinsidors that tbey confirm tbe conclusion he has fonnml 
arrived at. He enters i,n an tnteresUnf! ctassificntian of ihu piatil and fruit 
of these plants, for which we must refer our readers to the memiur il«~ 
("Oomptes Rendus." t. Ixxix., No. 20). 

Splurra}thula in Planti. — On this subject a paper of some interealq 
iulhe "Monthly Microscopicsl Journal" for December 1874. The anflo 
Htates that in Urtica dioiai, U. tirem, and Farictaria diffiaa, the leaf-Uads 
are atudded with sphicraphides, each about jl^nd of an inch i 
globose, smuothish or granular on the surface, and all composed mainly 
carbonate of lime. In the lihro- vascular bundles of the leaf are chiiins a 
much smaller sphrerapbides, each about j^Vd^'' "^ "" '^^'^^ '" diameter, roug 
from projecting crystalline points on the surface, nnd composed of on' 
of lime: and in the pith these small rough tphceraphidesart^Blill man ti 
dant Both the leaf nnd pitli of Humtiltit IujhUum abound in like mu 
with tha two kinds of sphicraphides. In the leaf-blade these 
concretioUB, made up of glassy granules, canaistintr of carbonate of UoHk ] 
tbe lenf-nerves, and iu the pllh of the stem, are Ihlckly-eet strings of r 
Bphiempbides, in sbnpe and chemical composition like those iu tbo I 
parts of the nettles aud pelletory. 

Tin Vrint of Seech onrf Sunbeam Lem-u. — Mr. Thomas Meebas, ID I 

paper lately read before the Academy of Silence of Philadelphia, said iliil 

^fi|^lidall« had noticed some years since a dlSerence in tbt> vemttioB i 

^^^Bhe ^bfw/errtqr>ncn and Fagui lylvatica, the common Americao a 
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EuTopean beeches. Id the Americnn beech the Idtcrnl veins were «nid to 
lenninftto in the apes of the eerrnliires — in tbo Europeiin thcT terminnle at 
the base ot the siniia. He had nnt read tho ori^onl paper of De Cundolle, 
but abatract* in the scientific »erinU. Aa tlie t^tRtemeat stnod, it conveyed 
the idea thnt there was a uiarlmd dil!t;rence in structure between thi'Su two 
allied Bpeciea which did not, however, exist, m growing in this country the 
leaves of the European beech are nlmngt entire ; the lateral veios, in ap- 
proachiDjT the tnar^n of the lenrea, curve upwards, and connect with the 
lateral abote tliem, rorming- a sort of mFtrginal vein near the outer ed^e of 
the leaf. The veins of ibe AmeticHn beech curve upward in the snine way, 
but ar>! early arrested, and this sudden cessation of growth produces the 
wm, which are slightly curved upwards. An early arrestntion of growth 
Id the veins makes the serratiires, and conatitutea the only di&i.'rence between 
the two species. The structural plan ia the same in both— the European, 
curving its lateral vein into the apex, reached the upper one— iLe American 
temiinatiiig abruptly. 

SUiaai of the American S, ratifie Erphration. — We learn from our con- 
tMnpamry the " American Naturalist " that since the Inmenied death of Dr. 
Torrey. his report on the Botanical collections mode by the naturalist of 
TVilkea's expedition on our western American coast, has been printed under 
the care of Prof. Gray. It maltea the larger part of the ITth volnme of the 
twults of that expedition, ot which, lihe the rest, only 100 copies are printed 
by Congresa. A small number of extra copiea have, however, been secured, 
at private expenae i ttieae aru bound up witli the preceding part of the 
Tolume, devoted to the Lower Cryptogamia of the expedition (L.icheua, 
Algw, and Fungi), and, the large ptatea being folded aud bound in, the whole 
make* n stuut royal quarto volume, with twenty-nine plates. The N'atura- 
lial^ Agency has this on sale, at ten dollatti. The mosses of the same ex- 
pedition by Sullivont, which form the iirtit part of this same volume in the 
goremraent copies, in the extra edition have the letter-pre^s made up into 
imperial folio pages, in double columns, to match the twenty-sis great folio 
plates. A very few copies of this handsome volume still remain iu the 
luods of the late Mr. Sullivant's executors, and can be bad for ten dollars 

PaUanout and Inrwctwiu JTiiliits of the Flowers of Wiilnrin elnmeii, — It 
Kerns that there is a popular belief that the flowers of the Wu/aria eiii«n*u 
are destructive to bees. Mr. Meehan recently stated to the " Philadelphia 
Academy of Science " thnt he bad himself seen hundreds of dead beea under 
large flowering plants. He was struck with the fact this season, that none 
were dead under similar drcumstances, • The flowera were continually visited 
by the boney bee, and others, without, so Cu aa ha could see, any fatal re- 
sults following. It was clear, therefore, that, whatever might be the cause 
of the death of Ifaeaa inaectH under some circumstances, it could not be from 
the boney alone. 

A hly-etiUMng IHant. — Many instancea have been afforded — following the 
remarkable facts adduced by Mr. Darwin — of the insectivorous character 
of certain plants. Now Mr. W. W. Bailey has come forward ["American 
"To. 9 vol. viii.] with somo remarkable facts cnncemiog tie 
et swamp azalea {At^lea viscesa). Ilesavs; "I b^ve been 
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ADiiiMnii inyi>elf, if nnv "uch nppnrentlj' cruel occupatiim ran ki 4 
eiitertniiiiii)c. in wniehinir the cBptiirij nf fliea by the ualM*. ~~ 
brnunht the flowers borne, mHiij emati inBects. ns winged knia, ■wm « 
tm|i[i«d Hiiiiilet the hain. Theiie bnre remnitied nlive tevprnl d«;i^ tti 
vninljr utTUffgUii); fur freedntn. As thv liniMpflit^ are nbunJaat iu toy niot 
It occiirrnd to me that t miKltt extirpate the ppsi5,andat the sitmD tune luta 
•iimntliiiift uf ilie pmcew of insect-catching:. I eipoMd a number of bi 
Hud fuller opcnud btoraama on n sunnj window-Bill thronged widi flieik 
WH* not nmnj tninu(«fl before 1 bad geversl cnpturei. A lueN totuh <)f I 
fly'* leg to the glutinous lidira wtu sufficient for his detention. A itng^ 
only mudc nintlera worse, na oih«r legs were br this means brought ia em 
tact with the k'"'"!'^ These emit long fiUiry ibrends which fwUm tu th 
bnirs of the flii^s' legs. They may be drawn out to a great Ivngtli so 
tenuity, slill rutaining their etrength. Under the inicroacope, tbe Wgt of th 
fly are u-un to be covered with the secretion, nbich is perfectly white IBi 
transparnnt. In one attempt to eocape, a houjrily lifted a flower bodily ftm 
the window-siti, perhaps a quarter of an inch, but at once »auk btek e 
hausted aniidHl tlia bairs. In one iii8taiic«. I have found the dried nmi 
of a iniall insect embedded amidst the hair.', but camiot say rhullMtj] 
julccK were in any way absorbed iiy the plant. 
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Mo'ih'i and Itvi„K-/i-» Tarit/ur Arienk comhme'l. In the " TnuuadicM ■ 
thit Itoynl Socirty of Victoria, New South Wales" [vol. s. ISTJ], whii" 
have just received, there is a paper by the Itev. William Kelly. SLJ.. i 
which he explains a method which bad suggested ileelf to him, by wkW 
Marsh '« (est and Ileinsch's could be immediately combined, so as tn SM 
lain and giiarnnten the absolute purity of Ibe testing reagents, and to <> 
the two groat tests immediately corrobomte encb other. He relied en 
wull-knriwn fact that the copper of lii^insch's test ia entirely di»alftii< 
prcsenci' of Chlorate of Potiissn, and pointed unt that this aetioti, which II 
ofton treated as nn objection to the test, may be mode to confirm !t *' 
portion or ihe entire of the copper thug completely dissolved be ii 
into Marsh's apparatus, it will produce the characieriElic clouds, t 
•laiua; the troublesome frothing incident to organic aubstances bslqt * 
tirely avcided. Pieces of porcelain and glass showing the results ofuf^ 
invnts were banded ronad. The reverend gentleman explained in ddi 
iluiny of the advantages which would arise from this combination, which b 
believed had not been suggested in any of our toxicologicnl treatise!. 

Tht Manufacture of Olio (//fusef.— In the "Moniteur IndustriellMg^' 
which is quoted by the "Scientific American" [October 10, 1871], i*' 
interesting article on this costly perfume, which snys tbnt the mooaflicti 
is largely carried nn in the valley of Kesanlik, UuumelJn, the annual p 
duction of the rose fainis of whicli amoimts to 4,400 [lounds uf the otU p 
year. As it requires about 130,000 roses, weighing some 57 pouod^ ' 
make an ounce of the oil, some idea of the extent of the pliiutalions m«yl 
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Hron tlie Bbore given totnl. The Qowera are frdthered in tlie niiddla 
of Maj, Mud the hRrveet caolinues for three weeks. The blossoms collected 
sftch day are at once worked, in order thnt none of the odour may be lost. 
The process conniats in di<i(illin)C them in water, Aud then causing the water 
■lone to undergo distillntion, when the oil is skimmed from the surTBca. 
The labour ia principally done by women nnd children, at wnges of about 
lea rents per diiy. The otto if nlnrayB ndultemtod, before Iransmission tq 
mirket, with ono-third or one-fifth ita quantily of geranium oil. 

Zinc precijiitatfd fry Water. — It seems from a letter by Sir. J. I., DaTiea, 
in the " Chemicsl Xewa" [( Wober 2, 1874], that line mt^f be added to the 
Xel of metals which cnn be precipitated by means of water. The cooditions 
-m to be theM. If to a Bolution of zinc chloride, just sufficient anly of 
Miiunia be added to re.4isBolve the precipitate at first formed, the addilion 
' wnler throws down zinc in the form of a gelatinous and bulky precipitate. 
!5 tlie cold tlio whole of the lino ia not thus precipilated, but possibly with 
Funijtjaed boiling it might be. 

An ImprolKHieni of the SutiK^i Burner for iSpertmin Analynu. — Mr. F. 
titngilim, Aaaistant in the PbysicAl Labomtory of Owens College, read a 
piper before the Manchester Literary and Philosophical Society [Nov. 2, 
'S'J], in which he said that the students in the I'hysii^al Laboratory of 
"wens College having occasionally experienced some difficulty in obtaining 
'lif ipectTH of some salts with the ordinary Uunaen, through apparently a 
I' 'iciHiiey of pressure in the gas, il occurred to him that the amount of light 
''I at this deficient temperature might be increased by multiplying the 
'iub«r of luminous points. This is accomplished by broadening out the 
"■^at of the Buasen, that is, causing the gas to issue through a narrow slit, 
""tend of a round hole. lie has, so far, only made a rough experiment, the 
'Ut being about J in. long and | in. wide. The result is, as expected, a more 
■irillinnt spectrum. 

Formiitiim of Hed Vapour darmg Sttgar-buitiyiij. — In the " Cheniical News" 
^rOcI. 30th, ii^74, U. E. J. Maumeng states that he has observed an extrar 
orduiarr eToluIion of red vapours at the moment when the air-pumps of the 
vtcntim pans begnn to work, and nt nearly all stages of the operation. There 
is generally ii notable amount of nitraten in the juice of tlie beetroot M. 
JUaumenu tiuds that sugar may be the cause, or one of the causes, of the 
formation of these red rnpours. Whenever the juices contain nitrate of 
ammonia, their decomposition is imminent. This is certainly one of the 
moat active causeu of discolouring the boiled mass, and of molasaiScetion in 
the last stage of the boiling pniceas. The ammonia may be expelled by 
lituc. Thd juice mixed with lime and water is considerably ameliorated if 
nlloweil to stand for twenty-four hours. 

Biinni/h /froHiiifc.— This rather novel substance lias been recently written 
nu by Mr. It. W. E. Mncivor, who states that the combination of metallic 
bismuth witli bromine to form "I)r"'Brj is not, as is tlie case with antimony 
and arsenic, attended with the emission of light. The compound is pre- 
pafed by heating finely-powilered bismuth with dry bromine in a hand-glaas 
tab" cIoumI at the end. Bismuth bromide, as obtained by this process, ia a 
»olid substance of a dark grey colour, fusing at a temperature of 108° to 202° 
C. to a dark red liquid which boils below a dull red heat. It is insoluble in 
TOI- ilV.— SO. LIV, 
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Uifbon disulpbiile, ulcoliol, and ether. Iljdrochloiic Hcid di^aiilTtlHl^^ 
iieatin)^ with nitric tLcid it is decomposed. It nhsorbs dry RinlonDla p 
with fornMttioti of n black noa-cr^etnllinc sntid body [w^fess^ of hd • 
tremely irritating Bmell. On eiposure to the air, it aWrba moistow, « 
beeomea of eiilphur-yeUow colour. Upon trentment with vmter it ia docoi 
posed, tho products of the actiou bcingr a while amorphous oxjbromlde.M 
free hydrobromic ftdd. The oxyhromide is insoluhle in n solution of bi 
tone acid, nod is decomposed on subjection to u loog-coutiDued proceu i 
washing: with water, witb farmation of hydrobromic odd aud bismrith oiij 
f'Br/'O, + xM)-—" Clheniical News," Oct 2!ird. 

Sow tu product Fhot.ogrtphif Proofion J[ o«f.— '' Lea Mondes" of Sep 
24th, gives Iha following mode as that of M. F. 0. Roche: The Modi < 
wood is first coTered with a layer of gelatin (0-30 gnn. to 31 grma. of wate 
by means of a aoft brush. When this coating is dry it is cnvercd, in tl 
dark, with a solution prepared of — (Ij lied prusiuate of potaih, 7-80 gima 
water, 02 30 gruis. ( i) Ammouio-citrate of iron^ Q'lO grms. in 63-20 grm 
water. These eohitiuns ore mixed and filtered, and the mixture is kept !i 
the dark. When the layer is dry it is exposed under a negative for ten U 
twelve minutes, aud washed with a soft sponge, when a hlue image »\ 
If thus prepared the coating does not she!! off under the graver. 

Tha Holurnl FormatiuH of A'itrous and Xilric Acitl, i 
Hydroym. — II. L. Carius states that ['■ Chemical News," Nov. SOth] a. 
of nitrogen taay conceivably be formed from free nilrogen by electric dl»- 
charges in the air during the oxidation of other bodies ia (he air; oxidal 
of nitrogen by means of ozone, and farmation of nitrite of amntunia by 
evaporation of water in the air. The author finds that the two last-mW- 
tioned phenomena are not attended with the production of nitrous or 
ncids. These acids may also he supposed to bo formed by the axidatiostf 
amnionie, whether caused by electric dischnrges, by the preaence of nllt'l'^* 
bodies, or hy ozone. Eiperiment showed that the acids in qneatioa W 
actually farmed in all tbese cases. 

Aitiratimt of Coal by Mi:p<i»ure to moitt Air. — M. VarreUBtrass findl tW 
Iho loss of weight due to slow oxidation, and to the escape of gases rich !■ 
carhon, may amount to one-third of the original weight. The wlorifc 
power sustains in this case a loss of 47 per cent. In closed store-house" ^ 
loss of weight wns only 3S per cent., and that of heating-power 10 per cefll- 
fiituuluoua coals undergo the nio^t rapid alteration. 

TA. CoUnir of Chloride of Copper.— Ui. W. N. Hartley lately [Dm. 3id] 
read a note on this subject before the Chemical Sodety. lie finds Ihtl til* 
crystals of ciipric chloride, CuClj, 20n„ which are generally described •» 
green, are really of a pale blue tint when rendered quite free from adherinf 
moisture hy exposure in vnciio over sulphuric acid. The grei-n colour oftl* 
crystals, as ordinarily seen, he considers to he due to their being moistaM^ 
with a film of the deep green solution of the salt. Whw examined I7 ^ 
diobroiscope, the light through the principal axis bhoni one image of* 
lire hlue, and the other of an emerald green. 

Tf^ Wnii m n'hirJi Coal i> foniW.— " Las Mondes," of Sopl. 34^ 

M. Ilirschwald, 00 visiting a gallery iu the CInuathiU nliM 

led for .too to 350 yenri, found some wood which had beea left tbtff- 
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i! kWidipd tbe WBlew wliich flowed in tlie interstices of the schist 
i .-.^d bocomn of a browii cnlour and cariaceoua texture. On exposure lo 

"p^D air it quicfalj banlened, nnd was completely tnuisTonued into 
Ml oolbI (lignitt!) witli a conclioidnl fmcture. Its percentage of cnrbon 
- s^rv »initUr to that found io the best Shxoq lignites. This oWrratioa 

■y^ tiut the circumstances favourable to tbe n&turid carbonisHtion of 
. il afA — {I ) Situation among rragmentd of rocks among- which ctrciilnt* 
'.'Iv «ubtemiiean vcateis impreKnated with metallic salts. (2) A constant 
'1 citlatiTel; eteratcd temperature, such as prevails in deep eicnvatioiUi 



'hfiiii- id ytitHrt of Anlmnl SuiataHcet icAi'tA produce a Cro»» under Ihe 

- In the " Coiuptes Rendus " for Nor. 0th nppenrs an interesting 
nbove Biibjeet by MM. Dnstre and Moral. In the jolk of the 

- iire found spherical corpiiEcleH presenting, when examined under 
-'pe. a ciosa whose limbs enlarge as they diverge from tbe centre. 

j ^1, Utr.-iie, wbo di«xirered these bodies in ISOO in the eggs of birds, has 
WDCB fnund them in other animals — tortoises, osseous iishes, Sec, and ia 
tirioii* imrlB of the organism. IJ. Wagner liiis found them in the priiciila 
hiwiu/m, nnd M. Bnlbinni in the adipose body of the silkworm. M. Uare9l« 
cmwdwcd them as animal starch, and believed that he had transformed 
ibtoi into glucose, making use of this supposed fnct ns an argument against 
Um loealiantion of ihe glucogenesis in the liver. The researches of the 
aolhoia prove that these bodies consist of lecithine, a nitrogenous and phoa- 
pheriMd principle made known bj Uoblej. It i^ interesting to Hud a 
aitmgeouus matter— considered as atnorplious, nnd of a viscid and colloid 
nalun — present a great number of the essential properties of crt'slals, as- 
uniag constantly a regular and symmetrical geometric ligure. Lecithiiia 
' ttfj distinct from starch ; it is not turned blue by iodine; it dissolves in 
'.^-ibol, and is precipitated by water, whilst the behaviour of starch is quite 
' 'II- m«»e. The polarisation-cross b^ng, therefore, not peculiar to starch, 
, ' vakr in proximate organic nnuljais is not greater than thnt of an 
:Jin»ry crystalline form. 



GEOLOGY AND PAL/EOXTOLOGY. 

rVro/ Itrrft of Hawaii. — A note of some interest appears on this puint in 
-iitlimnn's American Journal," for Dec. 1874. It is by Mr. J. D. Dana, 

□ f well-known coral explorer, nnd it is as follows: Mr. Uarwin, iu Iba 
i:i wediliim of his work on Coral Keefs, cites statementa from Ellis respect- 
ing the existence of elevated beds of coral detritus " round several parts of 
llaWMi, about twenty feet above the level of the sea." The writer, as Mr, 
Iterwin statea, saw hardly any reefs about the island, the only point mcn- 
liofiM In my report being tbe vicinity of Hilo. In reply to an inquiry by 
UK! on the subject, the Rev. Mr, Coan, long a resident of Ililo, and, as mis- 
■irinary, a traveller over various parts of the island of Hawaii, makes the 
totlunring statement in a letter dated lUlo, October 20tb, 1874. Mr. Conn 
H a careful obaeiver of natural objects and phenomena, and has writti-n 

much on tbe Hawaiinn volcanoa ; " With respect to your inquiry whether 
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there U nny itluritied eoral reef rook around tbe ihorM of tl' 
rnptj tlint I think not. I have trnvell^ the whole dteuil o( i)ie uluil ' 
land, nnd in bniiU, caooos, and Inrprpr veaaeta, anil there U haidlr ft pd 
al(it\g thu ahoriM vrbich 1 hare not noticed carefully. Itonolnlu, oa tl 
ialuul of OahD, lt> built much of it upon tbe elevated coral re«f ruck, m 
tliure are large Hi»n» in tbe district of Wainnffi and other portioiu of I 
Oaha Bburen; but there is notbin;; of this kind an Ilawui. You an ■«■ 
thai ciirola, oven under the naler, are on tbe weather side of this talud [c 
euterii, near the middle of wbiuh u the harbour of Uilo], not •bandii 
and all the g-ond F[)ednienB we get nre obloined by divinj;. Small qnutifi 
of brohan corals itre watbed anhore hy tbe wavpn." The Oabu reefs an d 
*crlba<t by rae in wy Eiiploriiig Expedition f!eoli>gic*l Report, 
ITiii fact* Bra mora briefly nieniioued in iny work on " Cor^l and Coi 

Jiao) it flint formed, and htiic itoe» it operate in FoiiiJijntioit? — Th« 
aro two quMtions which have not jpt been antisfactorily coneidered. « 
oily the latter one. Honever Dr. 0. Ward has fttteirpted nn answe 
papar, road Nov. 20, 1974, before the Eastbourne Natural Hist. Soe. 
dixcuminii the mode of experimenting performed by Dr. Itichardioii. 1 
•ays : " Theae diecoteries and eiperimenta of Dr. Richardwm soem to n 
to be likely to thraw great light upon fteveral geolo^eal facts LOt hIttiM 
explained. First, they explain hnw tlinta may be formed and depoiU 
upon organic Bubstanceg ; ne.\t they explain the greater hnrdneaa of If 
matrix inimediately envelognng foseila; thirdly, they account fur find 
boing BO frequently found in the centre of a nodule, the miiterinla of whle 
nru arranged in coucentric layers; lastly, they explain the absence of foaO 
from metninorpliic ^>eks ; for if we can deatroy nearly nil tract-a of orpOW 
tion in a few hours, and with a low temperature of 340 degree* F., tbw 
can be no dilllculty in understandiug bow rocks full of fopaila may • 
change their character, and chalk or tertiary limestone be cnoverleil int 
marble of a perfectly homogeneous appearance in contact with Utb U 
other igneous products as are found at the Giant'a Causeway." 

A rfiunolile frvm the " ffWf ffocft."— Mr. S. Allporl agnin refera lo lU 
subJBCt in the •' Geological Magaiine," for Octoher, 1874. He wiys thitil 
the "OEoloRicalMogaiine," vol. iii., 1S71, p. H47, he gaveasburt aecounto 
the conipoaitiou and structure of a I'honolite which fumia the roaaa of 
" Wolf JEnck," lying between the Land's End and the Scilly Islands, ' 
account there given has been noticed by Pruf. Zirkel, in a ii 
published, in which he refers to his (Mr. A.'s) duBcription of soma of lb 
crystals staled to be nepheline, nnd suggests that they mny be noscu. If 
piMsage to which be refers ia as follows : ■' The grey dust filling taati 
the crystnla is fiequrntly collected together so as to form a dark UT tn 
bUck mnas in tbe centre, ihe edges of which are sharply delirwd, It 
correspond exactly with those of the crystid. Hexagounl crystaliv f! 
exampU', exhibit a border filled with ri fine grey dual, nud n CL-ntml pOI 
tion occupied by a wellnlefiued black hexagon, or there is Bometimas^ 
black bond running' paiollel with, and at some dtataiice from, ths tMW 
To this Mr. Allport now adds, that aome of the crystals and in^ 
grains are travereed by n number of very fine straight lines of n ' 
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ilack. coluur, mid tliat with u liigh nint^ifj'ing power theae lino are re- 
iilved into rowa of extri^iuely minule dnik grimuUB ainiilar to those rarnitojf 
lie dust. 'ITiis renjarkable gtructiirB, comliinrd with tlint previously given, 

I aa Uiorouiihly charnctsiislic of nusexu tiint thera i-un be no doubt of ita 
imeDce in the rock i llie niin«ralo|jicnl composilion of which is thue found 
io be in complete accordnoce with tliut uf the Inrpe aeries exniniaed hj 
liikel. 

The lute EiiiiTlitm of Mount Vesudiit. — One of tlie most gmphic and 
■idting Bltetcbra whicli we bnve aei^n on this aubject is that of Mr. J, M, 
Black, io the '' Proceedings of the OeoIogiatH' ABaoeiatJon," vol. iii. No. G. 
El^ wns on the spot tliroiighoiit the entire outbrvnk, and the effect pror 
Inced i>n liini be describes in audi n nmrvelliiLialj forcible style, that 
ve venture to sax that few who will read bis paper will not be equally 
impreased bj hia description of those wonderful phenomena. 

The Rfcord of Geoioffical IMtmture. — \^'e are very glad lo see that it 

II intended to issue a yearly volume, which shall consist of a record of 
Wodu on Geoto^, Mineralogy, and PH]ieontolo):y, British and Foreign, 
The fint volume will be printed by the middle of 1875, and will contun 
(hort abstracts or notices of papers, books, maps, &c., published during the 
jur 1374. It is estimated that this volume will contain from 300 to 300 
p*gea, and that it? piice will be 10(. Gd. The gentlemen named below have 
tDlunte«red tn asuat in the work, which has already been begun. Those 
Ouked * bare token charge of various aections (as Sub-editors), and the 
Uu has undertaken tbe post of general editor. Ilov. T. G. Bonney, F.G.S., 
•W. Carruiheis, F.R.S., F.G.S. (Briiisb Museum) ; C. E. De Ruhce, F.G.S. 
(Oeoli^cal Survev) ; * R. Etheridfre, junior. F.G.S. (Geological Survey of 
Swrimd) : D. Forbes, F.R.S., F.G.S.; Qt. C. Le N. Foster, F.G.S. ; Prof, 
Owkis, F.R.S., F.G.S. (Director of the Geological Sun-ey of Scotland); 
•Pwf, X. n. Green, U.X., F.G.S.; Prof. T. R. Jones, F.R.S., F.G.S. ; A. 
J. Jukes-Browne, B.A., F.G.S. (Geological Survey); *G, A. Lebour, 
FJ3.8.; -L-C. Miall (Leeds Museum); E. T. Newton, F.G.S. (Jermyn 
Street Museum) ; • Dr. H. A. Nicholson, F.Q.S. ; • F. W. Rudler, F.G.S. 
(■Ictmyn Street Museum); E. B. Tnwney, F.G.S. (Bristol Museum); * W. 
Topfcy, F.O.S. (Geological Survey); Henry Woodwsrd, F.R.S., F.G.S, 
(British Museum) ; IL B. Woodward, F.G.S. (Geolojiieal Survey) ; W. 
(^Tiiiaker, B.A., F.G.S. (Geological Survey). The work will be greatly 
telped if Provincial Societies and Field Clubs will forward copies of their 
publicalious to tbe editor. 

It u hoped, from the low piice, that the number of subscribers (ameunt- 
iog to HO before the i»sue of this circular), will be enough lo cover the 
expenses of printing; but should this not he the case, the following gentle- 
nen have kindly consented lo act as guarantors :— Dr. Bigaby, F.U.S., 
F.O.S.; J!. W. Binney, E«q., F.R.S., F.G.S.; Rev. T. G. Bonney, F.G.S.; 
Dr. B..werb«uk, F.R S., F.G.S.; J. Brigg, Esq., F.G.S., and Friend; C. Bar- 
irin, Esq., F.R.S., F.G.S.; T. Davidaon, Esq., F.R.S., F.G.S. ; J. Ecclea, 
E«q., F.G.S.: SirP. deM, O. Egerton, Bart., F.R.S., F.G.S.; The Earl of 
Spaitkillen, F.R.S., F.G.S.; J. Evans, Esq., F.lt.a {Pm. O. S.) ; J. Faws- 
MJBmi, : D. Foibea, Eiq,, F.lt.S. {Sec, (/. S.) ; R. A. C. Godwin-Auateo, 
^^m^S., V.P.G.S. ; C'apt, Marshall llnll, F.G.S.; J. Owvnn JeiFrevs, 
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Esq., FM.S. ( r-«M. O. .S.J ; Sir J. Lubbock, Bftrt., F.B.S., F.O.Bi? 
LyeU.Bart., F.n.S., V.P.G.8.; G. Slow, Esq., F.O.S. ; J.V. ~' 
F.R.S., F.G.S. i J. A. Phillips, Esq., F.G.S. ; J. PrMtwieh, Esq., F.B.f 
V.P.G.S. ; F. 0. II. Price, Esq., F.G.S. ; U. P. Scrope, Esq., F.RA.F.G.S. 
Sir W. C. TreTBlyan, Bwt , F.G.3. ; II. Willell, F^., F.G.S. ; S. V. Woo 
Esq., F.G.S. Knmcs of iDteading Bubsi-ribers, lUid uf sacleliu and inatlli 
tionp that will purchase the" Record" for IS74, will be gladly rcceiTeilbjtb 
Editor, W. 'Wliitaker, Geological Survey Office, Jerniyn Street, ixadoa, S.VI 
flyrogoiiite* in the London Clay. — Professor Itiipert Joaes, F.RJ)., li 
written n letter on ihie i>uliject to the Eililor of tlie " Genlc^-ical Mngiiuw 
[for October, 1874]. lie enys: " Believing ihnt Gi/ragonilm (fotsil MO 
veBselt uf Chiwa) bnvo cot been hitberto noticed in the I^niidou clST, 1 1< 
to mention tli»t Mr. Joseph Wright, F.G.S., of Belfast, hits ktely TtTonN 
me with snme specimeui found in the London clny of CopenhBgoo ^^ 
Islington, by Mr. John Purdue, when the Great Northern Itaihvnjr cutth 
wore being made. These Offroffonite*, obtained by wn«bing the cUy, w 
nsocinied with thousands of Fomtninifera and uisdj Entomoatiacs (« 
"Geologist," vol. yii. p. fio; Monogr, Twi. Eriiom., I'al. Soo., p. tK 
Ttiey are refernble to two spe«ea; one is diirk brcwn, ovnidal, mmI fit 
Cfiara *?/«■(«'« (Bronjiniart), ns ligured in the Meiudirs GeoL Surr.U' 
IMt«n, Isle of Wight, utc, 18S0, pi. 7, tigs. ^. 4, but relatively longer,- A 
olhiv is light brown, uphericnl, and like Chara Lijeilii, IhiA- fig. 7, bot nth 
laoru globulnr. There are live or six spedmena of each species. FrMl ill 
same source, iiud by the kindness also of Mr. Wright, I have CylienpSt^ 
(Uituslcr), to add to the known fnuua of the London 
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TTbuAn IlorpitaU nnd their Ademttaijet. — An interesting paper aa 
subject iins been written by Mr. John Gay. It appears in a receot Din 
of the "Pioceudinga of the Medical Society of VielOiia, N.9.W." 
conclusions arrived at are aa follow: 1. That, instead of requiring 
purifying iind disinfecting hh other hospitals do, they purity and 
themselves. 2. That peroxide of hydrogen, the diuufectiiig ogUit 
generate, contains oiygen — Nature's disinfectant— in n highly condesMda 
active form, which, moreover, is intensiGed in the presence of either"" 
or puS — a property which renders it pre-eminently udnpted for 
disinfection ; for it is beyond doubt that pus-cell?, in corabinalloii 
other organic matter, ore largely concerned in the caiisaiion of those Hpt 
diseases which are so destructive to life in ordinary hospitaler 3. That) 
consequence of the above-named conditions, the inmates nf wooden Iw*! 
tala enjoy almost, if not perfect, imniuuity from hospital 
eiysipelna. and puerperal fever. 

Thr Sate of Ormctk in .Vim.—" La Itevue Scienlifiquc." in a reoenttjIM 
Jisbed notice uf the life and writings of .\. (Jiictelet, (rivea the fiiUi 
"The moat rapid growth lakes place iuiuiedistely nfter binh; the In 
the Fjiiiti* ol u veiir grows ulmut twu ilecinu'lrea. Tht- inctcnso ' 
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diminiihes gradually us its nge increases, up towarda the Eige of four or fivo 
years ; wLeu about ibree it attains half the aiie which it la to become -when 
full-grown. \'MieTi from four toGve years of age, the increase in size isTery 
regular each year up to sixteen yeara, that ia t^i say up to the age of pubertv ; 
Iliia annual jncrenae is nearly Hfty-aix mil lira Sires. After the age of puberty 
the siie conliniies to increase, but feebly j when from aiiteen to seTenleeu 
yean old the iuditidual increasus four ceotimetres ('iWincb). Id the two 
year» following it iucreai^a only one inch. The total increase ia size of man 
djca not appear to be entirely lenuinated when be ia twenty-livu years old. 
Tli^mean size is a little iarger in cities than in the comitry." 

JIme Animalt the Puiver of chaiitjiny their Colour accordiag to Cii-cuvi- 
itancet ? — It would seem, from some recent rewarcbes of M. Pouchet, that 
they b^vt^ this power. This vim very well shown in gome oxperimeDts he 
mode OD the Pulrnnon Seemlan. The following ia M. Pouchet'a deserip- 
tiou : "Animals from tbreu to f>>ur centimetres long are the best to 
tiperiment upon, placed in porcelain veasela with blacii or white bottoms. 
The crabs tliac tiabermen bring afhore have a rose or a dark lily colour; if 
tbey are put into vesaels with blaek or white bottoms, in twenty-four haxaa 
they will assume a colour wholly unlike each other, U'bose in the white 
di^ are yellowish, almost colourless, as if they had juat abed their shin, and 
those in the dark coloured diah are of a blown red colour. When changed, 
the pale one into the dark coloured dish, and tire vtrmi, they <.'linn)je colour 
in a correipondiijg niaiiniT. The clianKe of a pa!e mw to n darli col.iur was 
T:]'iie rapid than llie reverse. I'nder favourable condilious we eiiii create H 
■■lluw, rwl, and blue lV'»'mnn. If a foct is removed when any one of 
:lj<'>e eohnirs is present, and put into a aolution of sugar, the three colours 
ii|>|nyir BucccaBively bel'ura the I've. The microscope revenla the sequel to 
ibis. If the pigment cells arc pi'esaed together like bulls, then they are too 
minute to mimir ihenisclri'S upon the rutin*. As soou as tbe nuimal is 
p}need upon a dark grontid the colouriti^'' cells are distended and send out 
iitllu briinches ou all aides; then they become perceptible to tbo eye. The 
SDtninl becouit>s rud rose coloured when nethlng weakens the lively colour 
oTllie pi^inunt cells. As tbe branches of the la iter distend under the hypo- 
denni* tb(>y receive n cobalt colour, and the carmine of the pigment cells 
'"■i)ines thereby bruwneil, and thus the I'lilwrnou takes ou a colour corro- 
. riJiug to the foiindatio'i. If the colouring cells contract again, the bliiis 
ii.-iins tin or seven huursin tbe hypodermis, and then gradually disappears, 
^Viih the ralteiiiun, as with lish, the change of colour is the result of visual 

!■ ti( (he Treiitment of WvuniU. — Tar, or tar water, ia not a 
IjriiOTel iiK'ans of treatint; wounds with. Still, AI. Snruxin thinks it is, 
I be has presentiil tbr< l-'iijni:b Academy with a memoir on ilie subject. 
tn this [Nov. Iti, li^rJ] be »tnte!< that he baa treated several aujpulatiuna [■ 
list of whirh he give*] with Norwegian tar as an exclueive dressing, and til 
with tbe beat results, Ilegivea the exaet mode of dealing with tbe wounds, 
BCcordiug aa tliey nru upon the limbs or chest, biit fur this we must u-fer our 
traden to the uiemuir itself. 

A nem Ctnn/ioinid in f'yViir bus been discovered by llcrr F. nuumstuk. 
~ a paper iu a recent number o( " Liebig's Annalen," in which he aaya 



FortTLAB sciESo Bxnnr. 

OuX the salwtitnoe in queaiiun, 0,11^X^0, liiu a »Ironir 
fvric kdd. It (btmB white coluuins of fevi-rnl iiiilliiuetKA in len; 
Mioble in boiling water: spnria^lj in aoU wat?r nnj ppiriu of 
■olnbk ID Bbtalate alcohol and ether. 1( beiited to S'tif, tlie ujsUls exftA' 
CDCe no cliange. If mure strongty liented ibej decrppitnic, qtoIvs deOM 
white Tkpoun of peculiKr odour, fuee, and finnllrburawitli the odonr of IhmSi 
It is neutr^ to t«sl pnper, does not combine with bases, but forms with uiii 
Mita which do not reudilv crretallise and deliquesce on eiposure to the Ut. 

SeeaU Saearchei on flit fiatiric Jukt.~-'l'lie " Chemical News'' of Kov, 
13th, IS'J, axj-s that Herr K. Mai; Gods that the pure gastric juice in dog 
contains no lactic acid. The decomposition of chlorides bjr lactie acii 
cannot, therefore, be the source of tlie liydroebloric acid in ibe stmntoll 
Lactic acid seems to pluj do pnrt in the chemistry of the normal fonnadfil 
of acids. The source of tbu free hydrochloric acid in the stomach a I 
process of dissociation of the chlorides without the action of an add. ' 

What it Jitbonmdi? — We learn from the "Chicago Medical Examiner' 
Df Nov., 1873, that this is a South American product : the leaves and Mul 
twi^ are the parts of the plant used. Tlie leaves hate an odour and hUUb 
taste, but do not appear to hare onir alkaloids, ^ixtj to ninety gniM a 
tie leaves and twi^ may be infused in a cup of water. ■< \Vh«n tttken, I 
drenching' ptirspiration, or more properly, sweating, lusting four ot fin 
hours, ncces^itftliog wveral changes of cLolhes, will foUotr. At the MOI 
time an abundant salivary and bronchial secretion superceoes, which mB| 
even exceed two pints in quantity." 

Mumilor Cattraiiioit in apparent DeotJt. — Dr. l>abordelIe, in a comoHOi 
cation on the contraction of the masseter as a sign of life, anya that ttl 
laryngeal speculum, after having triumphed over the contraction of tb 
masseter, la of service in recalling life ; the contractivn c«Bses on its Kfff^ 
cation. On every occasion in which he was able to mnke the trial, it Wl 
found that, on the restoration to life, the jaw cloned as soon aa the inslni 
inent was withdrawn. If, on the contrary, the introduction is maintatiiad 
the elastjc force, which Voidn says is due to trisnius, becomes neutreliatd 
and the obstacle to the introduction of exi being thus overcome, tha palieB 
inspires and lives. If the speculum be introduced into ihe luoutli of I 
cadaver, the remnrliable fact becomes manifest, tbiit, though the instrumcn 
is inserted very deeply, it doen not become fixed. It maybe withdrawn, aw 
the moulh will remain open, corresponding witli the absence of cantrMtin 
in the nitusetcrs. In this way the double advaninge ia obtained of havin 
a proof of death if the month remains open, and a means of recalling the Ul 
of the patient if the mouth closes. Any one can introduce the BpeculnB 
and thus asaure himself whether death lia.i really taken place. — ''Gat. SUd 
de Bordeaut," and '■ New York Medical Journal," Nov., 1874, 

Antiqmlia at the Ohntetrical Socirty. — The last meeting of the ObstetriM 
Society, which was held on Wedneisday, Dec. 3nd, was rendered e|i«d>ll; 
attractive by the exhibition of the following curiosities ; — A cast of ■ 
antique group, found at Cyprus not lon^ since, representing the circuoisUim 
of labour, nt a period, pe'rhnp«, n.c. 300, by Mr. Bibby, of Green-streeli ■ 
engraved portrait, dated lOIW, of I'aiil Chamberlin, M.D., inventor of th 
midwiferj- forceps, pteseuted by Mr. Taylor, of nirmin<(ham; and, b/ ih 
court«ay of the I'residenl of the .Medico-Chirurgical Society, Chainberlm' 
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niniMilB. At tlie s:ime time, Mr. Uiniild Nniiier lent tor llie 
) rnre Ihmks finui \i\a vnluHblu collei^tkin — uuu nn iUustrnted 
Itible, datu litSr, which contains n represenintion of the Uin|{-in chamber, 
uid llie other " Ye Hippy Delivery of Women," by GuiUemeiiu, 1012, black 
teller Eu^liah. 



JIETALLURGY, MINERALOGY, AND MINING. 
Prists offertd in Voaaeclion Kith Stret. — We learn frum Mr. D.Forbes'fl report 
on the l*r<)p'eM i>r tlie Iron and 8teeL Iiidiiatriea [1874], tlint the Frencli 
ScciSii d'Eiieoumgeinent lias snuoiinci'd u pri/e of «,000 fr. (240/.), to be 
Mirded in 187rt, for " A theory of Stvel. bnsed on rKli&ble experiments, nnd 
opible of beinjf iipplied dinsclly to the improvement in ira lunnufncture ; " 
ilMtnnther priiaofa.OOO fi'. (ISO'.), to be Hwnrded in 1670, for nn indiu- 
biil ptocesi for tie ninnufatturt! of onat ateel rnila fri^m common iron ores 
mUiniop, like thuw from the i»rboniferciue nnd oolitic formntiona, from 
0^ lo 1'5 per ceut. uf phosphoric acid. In Geriuany, ftl»o, attention is being 
UnckKl to the snme aubject, and Dr. Dub'iis lieyinond, one of the Secre- 
■WM of the Academy of Science of Berlin, bus Ruuouiiced that it prixe of a 
kudnd duc»ts (atMut 40/.) will be nwarded in July, m'O, for the beat 
■Winr in which the qucatiuii is expeti mentally anawrred aa lu whether tha 
^gu which take pUce in the luuiperiti^ of ateul are due to phytdcal or 
t^ical cauoea, or ton combinntion of both. Compnnilive annlyaea specialljr 
liiteted to the amouDta of carbon in the steel, and ita condition na free or 
*oWned carbon, are required, as well as obaervalions relative lo the phy- 
■inl cbaraclcrs of the metal. The memoirs may bn written in Giirmat), 
*nMh, Laun, or English, and oiuat be sent in to the Academy, Hccom- 
puM by a ai^ed note, trilh motto, before the Ist March, 1870. 

VomI Tin M 6't«rj^'u.— Mr. William P. Blnke, in a communiciilton to 
*«of the editors of " Sillinifln'a American Journal'' [Nov. 1874]. saya that 
1 I60O, while examining a aeriea of specimens of the residual black »and 
^ the aluicea used in collecting gold in North Carolina and Georgia, 
' loiind levcral minute grains of wood tin in the sand from the Nacoocbee 
*»lley, Wliite County, Ueo^a. Althoujih it occurs sparingly, the fact 
'"W it tixistit is worthy of record, as it may poaaihly be trnced to Inrger de- 
P''uit, I have ^xnmint-d Band from a {treat number of other localities, 
' 'iWvstward from RiitherJbrdtnn in North Carolina, without finding any 
'''^ of tin- The usual minerals of th« 'black sand' about Dabloncga, 
""ina. are specular iron, mogneUte, ilmenitn, rutilc, cyanite, and garnet. 
^1 llie Walion Hranch, in North Car<iliua, corundum, zircon, and monaiite 
"'^ abunditnt, with the ordinary mixtures of iron minerals, and xenotime 
'^urs in minul« crystnla, hut no tin ore was found." 

Ptrmanrnt Ice in n Mine in lAe Socky Mouatning. — Mr.R. Weiser,ofGeorge- 
'u*n, Colorado, states that geologisla have been not n little perplexed with 
■lie frmeii r'icka found in some uf our silver mines in Clear Creek Co., CoIo' 
ndo. There is a silver mine biiih up on McClellnn Mountain, called the 
"Sterena Mine." The altitude of this mine is 12,500 feet. At the depth 
t' from 00 to 300 feet the crevice matter, consisting of silica, calcite, and 
Ota, logpther with the surrounding wall-rocks, is found lo be in a solid 
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tiaten mosa. MoC'lelUii KIountaiQ is oue of the bi;j;1iniit 
tbe snowy mnga; it haa tlie Torm of a liorw-sboe, with a bold egcMpinnit 
of fHldi^ntliii; rock near 2,0UO feet high, which in B<ime pineea is neul; 
perpend iciiliir. The Steveas Mine ia situated in the BOutliimsti^ni bed of 
tbe great horae-Bhoe : it opens from the northwestern. A tunnel la dRrtti 
into the mouotAio on the lode, where the roch is almiiat perpendicaUr. 
Nothing iinuaual occurred until a distaneo of some 80 or 1»0 feet w«» 
mnde ; and then the froien territory wHa reached, and it hna continard 
for over two hundred fuet. There are no indications of n tUnw 
or winter; the whole froiten territory ia surrounded h_v hard mas 
and the lode itself ia as hard nud solid na the rcn-k. The mini 
unable to excavate the frozen material by pick or dnll to get ou 
(for it is a rich lode, running argentiferoUBgalenafroai COO to 1,:>00 
the ton), found the only way was to kindle a Inrge woodliie at night ^aimt' 
the bnclc end of the turmel and thus thaw the Irazen ninterial, and jr 
morning take nut the ditantegmted ore. Tliis has been the mode uf nu 
for more than two yuara, The tunnel is over two hundred feet deep, 
there ia no diminntioa of tlie frost; it seeinB to he rather increasing. 

Thi iiiimeiite KiieiU of Amrrk-in Oil i;«t(nV>/».— According to a recont 
fltntemprit in the " Scientific American," it seems that a Inte repurt 
Great Duller Uil District, covering tbe entire production of the eounti; 
Boutb and west of Pittsburgh, gives nt present 5116 producing wella and SI 
wells now drilling. There are 1,070 engineers employed. The working 
cnpitol invested ia ^1.859,000. The daily production of oil in this dUtrict 
is 15,6-18 barrels, which indicates a large decrease witjiin the post month. 

Miiwrnlogical CommantcatioM, by llerr G. vom llalh. — These 
cations consist, according to tbe " Chemical News," of a contribution 
knowledge of the crystallisation and twin formationa of tridymite ; deacrip- 
tion of a remarkable crystal of calcareous spar l>om Lake Superior, apropoa 
of which thi) author points out that a monograph of the modiHcationa of 
calcareous spar would be a boon to miueralogiats ; a peculiar specimen of 
rutil and iron-glance grown together ; runiarkable crystals of artiScial 
metallic copper ; the discovery of byperethene in a trochjtic rock, Hacker dit 
Ctij'iicin, near the bnths of Mont Uore in Auvergne; and foresight, 
mineral of the zeolite family, froiu the granite veins of Elba, Porerigbt 
consists of — 
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It is most nearly connected wiih desmin, 

Ledwei on CryiiaUogropliif at lAe Chemical &MiWy. — We may ■ 
a considerable number of F.C.S. and others have joined the lee 
rrofessor Maskelyne, at Burlington House. 
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^P TXe Viuctilar Si/ttfiii in f»(7,»;j/ei(r(i.— Mr. J. Sandere.P.It.M.S!,, rend nmosl 
Tiludble pnper before & Idle uieeliog' of the Roj'al MkroscopiL'sl Sucirty, ou 
the nniitaui}' of this genui. The paper, with two illuetmtiijDE, will be 
fuund in the " Monlliljf MicroscopicHl Jounial" for Nov. IHTi. Witli 
Rj^nrd to the vucular syslein lbs aullior aayt : " The only piirt of the vas> 
culm system that is visible is the LeHrt, The blood beiii^ culuurless find 
lobdly devoid of corpuscles, unless some extraneous iimlte:^ sut^h aa xa<j- 
ipenns, becomes mixi-d with it, the vtusels whicli convey it are invisible. 
The henrt is situated bBtweeii tlie right lobe of the storaauh nnd [he stcond 
part of the intestine. It is composed of several loni{itudiiinl librus i^'hich 
are attnched anteriorly alon^; n trnnsverse fibre, which, passing imtuedialely 
in ftoDt of the right lobe of the stomach, is fixed to the pnrietes of the body. 
Posteriorly they joiu together to Pirui ft single libre, wliich, passing- behind 
this lobe, is in lilie manner iittaclied to the jiarietes at thiit point. When 
[be generative gland increases in size it pushes betn-een the right lobe of 
the stomach and the first part of the intestine, giving the appearance ns if 
the posterior end of the heart were fastened to its enveloping Membrane. I 
am rather uncertain whether these fibres are united td^ether by a mem- 
brane, but nppearance.-! are more in favour of the iden that it is cot present 
in this species; at nil events, the wall next the stomach is deficient, neither 
is tliei-e a cell present at either end; Mr. ICay Liknkeater's opinion, there- 
fore, that the henrt is a mere chumlug orgnn is so for conlirmed." 

Tlie Slit in Foaa of im Objcct-i/lait. — In the "Monthly Microscopical 
Journal " for Nov. Mr. Wenhani, I'.II.M.S., mahes the following remarks, 
lie says linally : "A few words concerning tlie slit in focus of object- 
ylasn, for cutting off nil these disputed or fH^e rays. It is dilficult to 
•Dnihilnte this by theory. Having given the death-blow to Mr. ToUes'a 
citra apertures, it may be trealeil with but little notice, hut cnuuot be got 
*id of AS a Ihingof no accomitor n mere sensational affair." Col. Woodward 
aaya : "This method might be used without giving rise to malerlal inac- 
curacjr when the objective is adjusted fur uncovered objects; but when it is 
cluaed to the point of maximum aperture its spherical abi;mitioii is of course 
Dd longer corrected for uncovered objects." In nieasurijtg varying angles of 
aperture by the usual method, we lalie them at all points of the adjusting 
collar, and do nut place in front a thickness of glass suitable for that cor- 
rection, because with a parallel plate of glass there ia iio perceptible dilTer- 
«nce. The angle at the crossing point of the rnys is the suuio whether it is 
there or not. I stipulate thnt the edges of the stop shall he in the creasing 
point. If anyone thinks proper to introduce an interv ening plaie of glass, 
serving no purpose, he must focus through it, so as still to get the stop in 
the focal plane. Further, if the collar is set for an object imuiersud 
balsam, for the purpose uf testing ita reduced aperture tht^rein by tlie means 
1 have described, the slit must be set in focus, whether air, water, or balsam 
ia the intermedium. In Mr, Tollea's ),th the immersed aperture was found 
Kiw Ibe Mm* with all three, simply because they are parnllel plates. 

w MimhI Dialumt Uuickly bat ifoHy^/i/.— Although most micro- 
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MDpUtB would nnlj iidopt the very heit method of mounting'', yet there xn 
few who ATuuld lika to know how a j)te[inmlion of dintoins mt; be 
quicklr, if roughly mounted. l)r. A, M. Edwards gives the following 
method in the "Monthly .Mici-oi!copic<tl Journal" [Ko. LXXI.j: " If tbe 
micioscopiet," he gats, " wishes to mount n few siidva of rennt diatoms, 
jiut to show wbiit diatoms are, nothing is Basier. It is only necessary to boil 
a small mnss of tliein in strong nitric ncid in a test-tube over a spirit lamp, 
and, when the add hHs ceased to eicit red or yellowish funiee, wash 
tbem thoroughly with clean water, allowing them to settle completely. 
Then a little of the clean sediment, consisting almost entirely of the sheila 
of the diatoms, is taken up by menus of a ' dip-liitie,' and placed upon the 
central portion of a gtnsa slide. Here it is dried, and the slide warmed over 
A lamp ; then a drop of Canada balsam is permitted to fall upon ihe diatoms. 
As Buon as all hubbies hnve cleared olf from the balsam, a warm cover of 
thin glass is carefully laid upon it and permitted to settle into place. When 
cool, it is ready for enaminHtion by means of the microscope, any bnlstm 
which has exuded around the cover being washed olf with alcohol. In this 
way rough and tolerably clean specimens may be obtained." 

Mieruiaipieat Pii/ieri of t!,r Patl Quarler.—lhe following is a Ust of lbs 
various papers read before the Ifoyat Microscopical Society of Loudon, and 
published in the '' Monthly Microscopical Journal " for Oct., Nov., and Dec.. 
1874:— 

The Hairs of Catei-pillars. By T. W. Wonfor (,Hon. See. Brighton and 
Sussex Natural History Society). — On Bog Mosses. By R. Braithwaite, 
M.B., F.L.S.— The Pebrine Corpuscles in ibe Silkworm, and what they 
nre analogous to.— -On the Uicroscopicul Clmracters of the Sputum in 
Phthisis. By Jobu Denis Mncdoanld, M.D., F.Ii.S., Stalf-Surgeon 
R.N., Assistant Professor of Naval Hygiene, Xetley Medical School. — 
Blue and Violet Stainings for ^'egetnhle Tissues. Bj Christopher 
Johnston, M.D., Baltimore, U.S.A. — A Physicist on Evolution: b^g 
a part of Professor TyndiiU's Address to the British Association at 
Belfast — Supplementary liemnrks on Appendicularia. By Alfred 
Sanders, M.U.C.S.— New Diatoms. By P. Kilton, Norwich.— Final 
Remarks on Immersed Apertures. By F. II. Wenham, ^'.P.U.M.S. — 
The Filaria Immitis. Amended Anatomicsl llelails. By F. H. Welch, 
F.R.U.S., .\Baistant to Professor of Pathology, Army Medical Sdiool, 
Netley. — How to Prepare Spedniens of Uiatomncete for Exaniinatiou 
and StMiIy by means of the Microscope. By A. Mend Edwards, M.D., 
Newm'k, New Jersey, U.S. — Continued Rttaearchea into the Life 
History of the Monads. By W. H. llaUinger, F.R.M.S,, and J. Dry»- 
dale, M.D., F.R.M.S.— On some Miuroscopic Irfaf Funp from the 
Himalayas. By Joseph Flemlutr, M.D., F.R.C.S.. Sui^feon Army 

Medical Department The Spliierapbides in British Urticacetc and in 

Leunurus. By Professor George Gulliver, F.R.S.— The Eneystmeot of 
Bucephalus Haimeanus. By M. Alf. Giard. 
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^P A Comjmrinim of tfie Different MethoiU of Aerial Xaciyalim TliU Is 

made in n i-ecent paper (publishud in the " Coiiiptca Rendus " for Not. 9, 
]p7-< I, by M. Dutt>y de Bruigniu?. ]Io divides all niethoda iolo two sys- 
tems, tbe Aero»fal nud tlie Aeroplane ; and be also nlluiltis to a mixed 
83 litem, tbe Mired Airitplimr. Tlie pnper ii partly niatbemntical, uid tbefe- 
tore uDBuited to iuo«'t of our readerc, but we lefer tu it as aume of tbeni 
Riaj be iiilere>iled in knowing; of it. Tbe subject appears to be fiurly 
worked out. 

A. Patent Mecordinff Thermometer baa been lately dsTised by Messre. 
Ntgretti nnd Znmbra, nbich bids fair to supencde all furmer plans of inslru' 
ment. It is Bsid uf it by tbe makers tbat it contains only mercury, nitbout 
nnj admixture of alcobul or olber tluid. It has ao indices or spring;, and 
ita indications are by tbe culuinn of mercury. It can be carried in any posi- 
tion, and cannot possibly be put out of order, except by Bctunl breuliat'e (>f 
the instrument. 

The Earliat Scientific JVoti'te nf Mirage — In a paper by ProfeBsor 
Everett, published in tbe " Proceedings of tbe Belfnst Xaturnl History 
Society " [l^'''l], he says that tbe earliest explanatiun of mirage on record 
\b tbat of Mon)|;e [.Ann. de Cliim. xxix., S07], one of tbe sarans who accom- 
panied Bonapnrte in Lis expedition to E^pt. The fullonin^ is the passage 
in the AnnaLi, which purports lo be an abstract of a memoir read at a meet- 
ing of tlie Institute, held at Cairo : " At sen it often happens that a ship 
8«en from nfar appears to be Huating in the sky, and not to be supported by 
tiie water. An analogous olTectwna witnessed by all the French during the 
march of the army across tbe desert. Tbe villages seen in the distance 
Appeared to be built upon nn island in tbe midst of a lake. As the obserTcr 
npproached them, the boundary of tbe apparent water retreated, and on 
aeiiring the village it disappeared, to recomraeoco for the nest village. 
ti^ititen Monge ntlributes this elTect to the diminution of density of the 
inferior layer of tbe atinosphere. This diminution in tlie desert is produced 
by the augmentation of temperature, which is tbe result of the bent com- 
isuiiicated by the sun to ibe sands with which this layer is in immediate 
contact. ... In this stnte of things the mys of light which come from tlie 
H Ipwei parts of the fky, having arrived at the surface which Hepnmtes the 
^■Aw denser layer from those which »!« above, do not penetrate this layer : 
^^^^67 Kn reflected, and thus form in the eye of tbe observer nn image of the 
^P^&j, fie thus seeswhst looks like a portiou of the xky beneath the borizuii, 
«nd it is this which he takes for water." 

The Electric St/ilem of Gat Lightiat/ at the Natiimnl Aiiemblij at J'ei-- 
aailiet. — We do not know whether the method adopted ia tbe same as thxt 
wbicb is employed in lighting the three thouaiind seven hundred jeia nt the 
Albert llall in South Kensington, but accordJu^ to M. Lisanjous [i[i liie 
'•Bnll.delBSoe.d'Encourageraent.pourrindusti'ioNalionale,'' Nov. 10,1*^74'], 
it ia a« follows: A RubmkorlF coil of medium tize, with on automatic raet- 
eurial intemiptor, is set in nction by a Leclanch^ battery of four elements, 
the linca having n sarface of 4 square decimi'tre^ These are only equivn- 



Ipnt to tliree Duii^en elemenU of n midille size, but tbeir danttinn ia muoll 
greater. Under llie inHuenca of this bntler^ the t^oil p\ee epktka of IS 
centimetres. To tnuisniit tbe i;lcctricilv tn the diffVrunt Iqritm n «pediil 
wire is employed lor vni-li, but tlio return current poEses ibrougU one pominoa 

T/h- JTHocMfOTice »/ SiiJie* tu Ca»tor 0,7.— Mr. C. Homer hiu ehowu tliM 

nuiny substnncea wliich hiive no fluorescent properties when dieaolred u 
olkaltna solutions, or in nlum or bIcoHoI, llmiresce very brilliaollj wliem they 
are dissolred in cwlor nil. 

A JVew IMIO'pliolometir hns liecn despribed by M. F. Cmveri, 
"Moniteur Scientifiqtie."' October 1874. It tbiis nppenrs in llio " CbemiciJ 
News" for November 3^ : A box nf linrd wood, 2M m 
mm. wide, and SOO bigli, forma n pnrnllel'ipipt^ plneed upon n podest*! 
in an open situntiun, wliere notliing iinpedva tlie direct i 
sun. Tlie upper Kurfttce of tlie nppnrtiiuB cnnnot preaerre. during the 
twelve montbs of the jear, & borizonlnl position, bucaiiie when tlie » 
«in1cs below tlie equnloc in winter il? rnys wonld full too obliquely. It 
therefore necessnry at that aensun to follow npproximntelj tlic moveoieilt 
the Biin. Tliia result is obtained by gradunllv inclining the instrunietit 
towu^s the south from September to December, mid gi-ndunlly diminishlDg 
the inclioBtion ni^nin till JIarch, when it is replaced in n boritontal poutiiMt. 
One of tlie principal idJea of the parallelo^i'sm repreaentu tho door, fixed « 
hinges, and giving bcckm to nil the interior. At the tide oppiwite th« iota 
ia fixed a cluck, 'he dial of which is seen tlirouyh a circular iiperture tn thi 
tide. To tliia rluck is adapted o toothed wheel, moved by the drum con* 
taining theepring, T!ii» wheel onlyperfomis oue reToliilion in twi^ty-fmr 
hours. To ita axle is fixed by a movable screw a large drum of bnu», tha 
circumference of which is r>20 mm., and the breadth 10 mm. Upon tb< 
eurfnee of this drum ia fixed a Mip of paper, as is done with iho Morae tele- 
graph!. A few seconds are sufficient for lixing or for renioTin j this band. 
A slit in the box ia so an^nnped that the snn'a mye, shining llirnugh it. fnU 
upon the band, even when the luminary is very near Ihu visible horixon. 
1'he hnndn nio prepnred with chloride of silver by being steeped first io ft 
aolution of common aiilc, nud then, shortly before bein^ used, in atilution of 

Mnffttet'ic ConilenBotiun in Saft Iron. — A paper ia published i 
"Coniptes Rendus," (Ictober 10, on this subject. The ransnetic w 
tion, first observed and studied by M. Jamin in steel, occin's nlw in soft im 
with a very Temarkable intensity and persistence. A horse-shoe « 
mn^et is formed by a cylinder of iron, 4 ceutimi^tres in diameter, eich 
limb of which ia surrounded with a coil of wire of 3 mm. in diametei, and 
150 mm. in length. The armature ia a blade of soft iron 2 cm. in thick- 
ness, and 4 in width. When the double coil is traversed by the cumot tk 
n singile Itunseu element, feebly chaifred, the keeper is able to support a.' 
ifiO kilor. Uii interrupting the current the keeper remains atm 
adhesive, a fact alrendy often observed. It cau support as much as fiO 
kilos, without detaching itself, but after this rupture every tniM of U 
Detiam dienpprnn', and the elect ro-mngnet ia not even able to support 1^1 
■^^3er. We might suppose that cohesion might be partly ci 



SCII!>~TiyiC 8U»UAIIT. I 1 I 

: tli« (rcMntion atxha eurmH ; bal thi* J* wA 
innir«st«d oreo under a gnUtr ftvman thta 
i iy nifi}^Hti(<atiuD, Unreofcr, ■ tnaiiiHitic nncdla placJd in tbn 
one of tlie prilnr siirfiiees ohaw* a nutrkml ilaiistlon, which dM> 
- "Fii as tbe heuptfr hiu b^n tjjm awaj. Uut what i* panicuUrly 
Fi'itii-e is tbe persUtoneH nf Ibi* ron;rnetic <viiiiJonMU(in. Aa 
■!■ ! bns been left for Iwenly day*, and at the enil nt tbU ltai« 
still supported 60 kilos. witfaoDt becomin^f d«tarhfd. 



ZOOLOGY AND COMPABATn'n AXATTlMV. 

mja$ap/ueai Exprrimmln on tht AmlUonj Apparatut of Itta Moupdlo,— 
I'mfeigor A. SI. SIfiTBr hn» piibliBhsd In the " Ani>-rioan \*liinll*t" [IM. 
I^rj] thf results of n great utiiubrr of ninat {iliiliiiHt]jbi<^HlI^ cinuliu'tad 
''^pemncnts on tbis inaeet, and, as bia )Hipcr in uf o^miT iHnK'I't wu muH 
^ffrnur rvadera to it »» Wicig a iuo«I valuable u.-if^niilic rwird, Jlrttainh— 
■^ Kcording »onie of hU e.tperini'Mila, mnductnl wiib tonin-^-f'itliii -lL«t 
le thinks that it ia to be rebutted that Kiinig did not adbiT* \o th* finn uf 
n(fc,with inctintti projifft, aa fonuerlj made bj Madojrs ) (or aiLb uticb larka 
°B>Cuatwn;8 reproduce thu aaina initial int«aaitj uf tibratiou by a*|i»- 
'^g the prongs by meaoa of the aama cylinddeal rod wU«b is drawn 
^tvveu tb«m. Kiperimenta reToalvd a flbtil tiuwd to uncii parfact uniaon 
''ith Ut, that it Tibmted through nghteea diTidoM of tlta uilettmtUt, or 
'"nun., while ita amplitude of vibration waa only threa diriMona whan Ut, 
**a sounded. Other fibrila rcapoaded to other at>t«a, no that ba infan Iron 
'** eipeiiDienta on about a dozen moHjaitnea, that tbnr fibril* ara Uinei to 
*^tinda extvadiug throujib thu middle and neil biicher odarc of tha piano. 

The Deielopmenl of the Ota and tju Tet/iclu in tkt JfjfdraMiiuif.—U. Van 
^Deden haa recently piibliobed an eiivedintcly caluaUa paper on lb* abnra, 
^e folbwing nre tbe conduiiona to which he ia led by bia raaaarcbsa: Is 
^*>C ilyttmctiuiiE, 1. The e^jia are dsTcIoped etclusivuly fmm Iba epithelial 
^IlllIt^s of the endoderm, Tbi'y remain, up to tba litua tit thair mnturity, 
^Urrounded by tbe elemeuta uf the endnderm, 2, Th« l«*tir!v« and sprrraa* 
toiok tuv developed from the eetodarm. Tbia or;;an r»ulCa from thu pro- 
R t caa tTC traniformation of a primitive Mllalat fold funupd by invaipnalioD. 
3. Tbtfre exista in tbe female aporoaaca a rudidicnt of tbe taatirular or^wi ; 
■n the male tporoaaca a rudiment of an oiaij. Tbe aporonaca ara iban 
taoTphologically bennaphroditea. .... t'ecundation conaiata la the union 
of An eg^, a product of tbe endodenu, with a certain number of spiinnBtoioa, 
product! of the ectoderm. Tbii act haa no other end than to unit** chamlcal 
elementa of oppoaite polarity, which, after hating b*ea united an ioatant is 
tbe efcg, s«pafale again ; for in moat aniinaJa, tboae in which tbe diviaion of 
the rtt«Uua into two occur*, the elementa from which tha rcfAetm are 
formed are already ceparatctl from ihoae wbicb are to form the uitemal iaret 
uf the embi^o. 

Tit AmAipmnit of the Tra<hta >« FUai. — An excellent memoir on thia 
enbiect m that of Heir Wnamaan, which lias been recently tianala' * 
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nnu> BOESCS txrjEw. 

* [OeL l&Tfj. It entat iLat lliti truhMt; 
lot of aO. TW fint posidce condition is k 
.Mid bf tb« vnatMMh it is getienllj t 
«nie fiv the bmm pMt hj meaoa of the 
i M« <f lb srignaDf ■&! MUM of cdk, the terminal bnniAu 
■(H M* ^« fMlglieJI; tka hollow qtaoe betirm-n them 
t atiq- «f lfc« tachrm, wkile tkev faraacli out b; giowi^ 
~ ' ^ r lor Ike nest part be Inured iuk U 

■ of aadci, kt knb, mai erfedaOj within the incer of tl 
|iiwili H I^Aa of ike IhoiBX, tky mte/rom oh oryaniiatx^ 
i^ / iri ffn i fcwi w fi « A«a^ u. rAr nwmbr owK Thit I 
•ction in the wiuculu fud 
■ did^fMn, mnd thej deIeriot«t« inU 
f the «pint tbcMd. .Ul the orgniu which htt 
~ ~ ~ ' I have the sune dereloped in Um 
« i»J*^ TW IutWk pow oat m iW neirouB centres, in lh« bar 
IH, aad iW ■E Mwamj r «Mal ia ib •stire coone id surrounded b; 
•f tWw. TWt ue wtti to tW nctal ptpilte in great &buiid*iiM 
TW dotMl t«9m1, kldo, luiil the eoi 
OmAttt, aad likewise tbe genital caritiea w 




r j^aAr*,- tf«r ITarjL — Dr- G. LiDOecam his read a papec ( 
' * SBhWouan Inuituie [1874]. From thia 

axbaet tta UlonriBg fttmfei 'I daea aWerred one of thiife spiden a 
varfc CB Oa Kips (mmv of u ofM, otilade dooT-ahu(t«r. She waa apia 
m; (OMMMtr, «f wUd ahc was fanning a balloon ; and clingiii}^ to he 
Amke wm a Snla doster of wante faoii; spider!. She finished up tb 
\eij wt tW WUaoB : ihnw vt iW lo^ bow Hues, which were 6appbg 
tatlMiag <M tW BOW gcail;^ wirtaaaiag Ixeeie, terenl minutea before ahi 
got aB leadj br Oe aacMSMM. SW aeenad to be fixing the botton 

r Wwad iah aped baBoon. And now the bnwze being auItaUa, 
o tW cM» in tW ttm, aavetcd it, and her craft bounded upa 
MMriaig Bwnr nocthwaida, was soon berond the scope of 
I mo rtMiding nev when she was preparing- to cast looia thi 
Twlilti, and Wd tWwgbt I <muld uf«st ita Sight, but it bouoded avraj witb 
awk « sadden Wp that I misled sad it was goae." 

n# C tmmHn Afjmmfiu u iMr Gattirvpada. — In the last puhllahed, 
BnsVr of the "tVx«edu)g* of the Academy of NatumI Science, Pblla- 
delplua,'' I>r. Chapman malics tbe following remarks on the geDenlirt 
appaialu* of TibtmiHijiJkana OmHiummt: " Various have been the inteipiet- 
aiion* ofl«T«d fnini lime to Unie of the peneiatiTe organs of the Guterupoda. 
Thus Cuvi^r coniideri^ what is now ri^;nuded as an hermaphroditic ( 
to b* the oTarr. Later observers regarded this bermaphroditic organ as tfaa 
tMticJis and conaiiletvd what is now supposed to be an albuminous gland tha 
atai^, and witich CuTie'r regarded as part of the testicle, ^^'ith refai 
In llwM views. I bavp rMvollv dissected the Tebenuophorus Cnrolinenu^ a 
dug fiMod ofton in our environ* under trees, Ac, and found both on 
spwinatcioa in ih* organ regarded first as simpl; (he orarr, later as thatea- 
lide> I take tbe cippurtunitv of acknowlcdping the sD^sInnce nfTorded i 
in nj diasection hj Dr. I.«iilv's beautiful monograph en the Qn^tcropoda. 
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DEATH OF MR, HARDWICKE. 



It in our painful dalij to record ilte death of mtr publisher, Mr. 
ItoBEBT HahdwicKE, whick occurred oh the tnominii of Mmdaif, 
March 8, at the age of 52 yeart, after an illaega xvhieh lasted but 
far Im aliorl days. Thut teas Ite cut off nearly in hla pvime, al a 
time too wlt^i hi* Imeinesn relaliinis mere almoil at tluiir bat. Of 
hitfriendi it is not too mw.h tit «aj/, tluit those viJto knew Jam 
hnyrst iiwro htm test, and have only to record their extreitie 
wmw /or his loss. For assureilli/ there were none wlio v:ero 
more thoraaghlij hind, genial, and emmderate in all their deal- 
i'i<l». Never Itefort, in t)us course, of oar earperienee, have ite met 
with oice, ^piih wJiom we have never mthin the period of ten long 
'jean hatt a tingle bitter uord. All his dealings were kindly, 
urnte were severe. And tlunujh we feel that the fewest words ore 
l<«sl w'/icrt alt are vain, we cannot helji ejipresgiiig our bitter 
lorroie at his death. For we have not the least hesitation in 
tai/inij thai we Itavc lost a good, sincere, and earneet friend. 



INSECTS ANB FLOWERS. 
Br ALFRED W. BENNETT, M.A., B.Sc, F.L.S., 

LECTTRSB W DOTAKr, BT. THQUAS's UOBriTAI., 
(PLATES CXIX and CXX.] 



rhis charming little l>ook on "British Wild Flowers in 
Relation to Insects," which oufjht to be in the hands of 
pvenrone interested in the subject, Sir John liiibbock makes a 
few observations on the form of pollen-grains, in relation to the 
fertilisation of flowers ; but there is but Hltle information at 
present to be found in botanical works on tliis point. The 
^atomical stnictiire of the pollen-grain has been the subject of 
abundant researcli ; but the feature of chief importance in con- 
nection witli the means of transport is the external form of the 
grain, to which but little attention has been directed, at least 
in this country. With the exception of a few stray notes 
(cattered through botanical and microscopical journals, the only 
publications bearing on the subject, illustrated by drawings 
(without which they are comparatively useless), are in Ger- 
man : — Schacht, in Pringslieim'a " Jahrbuch," vol. U. for 1860 ; 
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Fritasche, " Beitxiige ziir Kenntniss des PoUeD,"" 1 832 ; ant 
Mobl, " Beitjage zur Anatomie und Physiologie der Gewjichse,' 
1834; the first of these being the onlj one l]eariiig at ill i 
recent date. There is, besides, a magnificent series of unpub* 
lished drawings by Bauer in the Britisli Museum. 

The size and form of the pollen-grain is, within very nana# 
limits, uniform in the same species ; and an adaptation may 
frequently be oljserved to the normal mode of fertilisatioa of 
the species. In the pollen-grains of which drawings will be iottoi 
on Plate CXIX,, the size varies from less than ^ „'p „ of an indl 
in diameter, in the case of Htiteia japonica (fig. 38), to nearij 
Y^ in that of Cobcea acaTuiena (fig. 54). In relation to theil 
mode of pollination, flowers may be divided into two classes, tbo 
" anemophilous," in which the wind, and the " entomopliilnud" 
in which insects are the main agent. The former are almost 
without exception flowers without beauty of form, colour, of 
scent ; to the latter belong all plants with conspicuous, brightlj- 
colouredj or sweetly-scented flowers, and, as Darwin has pointed 
out, all with irregular corolla. Between these two classes of 
flowers there is a marked difference in the external form of their 
pollen-grains. In the former case the object is to enable them 
to be carried easily by the wind to reach the female flowers (for 
they are very commonly unisexual), or the pistil in some otier 
flower. To effect tliis purpose the pollen is always very diy 
and dusty, the grains not very large, usually neurly or qniW 
spherical,and never spinynor marked with conspicuous furrows <* 
protuberances. The following pollen-grains drawn on PI. CXIi 
illustrate the appearance presented in the case of anemophilon' 
plants. Fig. 1 is the pollen-grain of the hazel, fig. 2 of tlw 
birch, and fig. 3 of the balsam poplar {PopuluM balsamiftnth 
all nearly perfectly spherical and quite smooth, with butvfliy 
slight angularities or protuberances. It is true the pollen 0^ 
the hazel has been described* and even drawn as "tri- 
angular;" but I suspect this must have arisen from the fectol 
its having been mounted in glycerine for the microscopic bUi!* 
Immersion in any thick fluid liaa the effect of altering th* 
shape of the grain, by exciting the incipient growth of tl" 
pollen-tubes. I have in my collection a slide of the pollen o! 
Polygala myrtifolin moimted in glycerine, in which the tuba 
are as long aa the longer diameter of the grain. The prop^ 
way of oh8er%'ing the form of the pollen in its condition wh* 
escaping from the anther- — which is of course the state in whid 
it is carried by the wind or by insects — is to dust it off oi 
glass slide, and oliserve it at once dry and without any covering 
glass. Examined in this way, I have foimd the pollen of thi 
three plants scarcely to deviate perceptibly from tlie spherid 
• •' Nature," vol. ir. p. 440. 
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fiirm when magnified 250 diam. Fig. 4 is Lunula campestrie, 
Marly epberical, but with a depressed Itaucf of lighter colour, 
dividiiig the grain into three nearly equal sections. Figs. 5 
Ud 6 represent the pollen of plants the mode of fertilisation 
of which is doubtful ; the former is that of the dog's mercury, 
MercMrlalla peremiia, elliptical but quite Emooth, and covered 
BJth very fine reticulations; the latter of the box, spherical, 
but with a munber of slight protuberances irregularly dispersed 
over the surface of the grain. Plantago lanceolata is described 
bjMiiller* as having three distinct forms of flower, and he 
suggests that it may be a species in a transitional state irom 
aoemophilous to entomophilous. It is probable that the form 
of the pollen may also vai-y. Fig. 7 represents that observed 
by myself, nearly spherical or with badly defined angles, and 
traversed by a single equatorial ridge, with several darker spots 
where the pollen-tubes are emitted. I find the coloiu* described 
in my notes as nearly white, but some of the more perfect 
grains with a deep orange 8m"face, very smooth and shining. 
In figs. 8 and 9 we have the grains of two grasses, the common 
I'm ttfUiUtt, and the " quaking-grass," Brlza twdia. Ths 
.-^herical form is here somewhat departed from ; but they are 
ticeedingly light and smooth. The microscope shows variouB 
I'right spots, wiiicli have the appearance of depressions or holes, 
fig. 10 is the oval perfectly imfurrowed grain of Dactylia 

In flowers which are fertilised by the agency of insects the 
ferm and size of the pollen-grains vary to a much greater extent, 
«nd we find several distinct contrivances for the purpose of 
Militating their attachment to the legs or bodies of bees, flies, 
"id other insects. The most important of these are three : — 
"Wgitudinal furrows varying in number from three to eight or 
line or even more ; the clothing of the surface of the grains with 
^nes or other prominent projections ; and the connecting them 
'"^elher by means of viscid threads. By far the moat common 
f'ltm of pollen-grain is ellipsoidal, with three or more longitu- 
<liiial furrows. Grains of this shape are obviously more calcu- 
lated to cling to the hairs that clothe the legs and bodies of 
insects than perfectly spherical ones j while on the other hand 
Uiey would not be so readily carried by the wind. IlIustrationB 
of aucn grains with three furrows are afforded by fig. 11, Ra- 
nunculus Ficaria; fig. l2,Aubrietia deltoidea; fig. 13, VioUi. 
tylvalica; fig. 14, Aucuba japonica, in which the anthers 
appear to be filled with an oily fluid ; fig. 15, Lamvum albuvt 
(yellow); fig. 16, £. pitrpureum (red); fig. 17, Nepeta Glc- 
choma (white); fig. 18, PLatanua orientaHa; fig. 19, Conval- 
iaria Polygonatum ; and fig. 20, Brymiia dUnca. 
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' " Befruchtung der Blumen dutch Insekten," p. 342. 



116 



fofulaii sciskce setibw ■ 



The pretty genus PolyguUt ig clianicterised by a very remark- 
able form of pollen-grain. Tliey are somewhat barrel-shaped, 
bulging in the middle, and with a considerable number (inP.myr- 
tifolia^ fig. 21, from twenty to twenty-four) of regular longitudi- 
nal alternate ridgea and furrows. They are very beautiful olg'ecU 
under the microscope. In the various species of Prlmvla cW 
racterised by " dimorphic " flowers, the grains are small, shortly 
cylindrical rather than ellipsoidal, and with a varying number of 
fuTTOWB, There is also this remarkable peculiarity, that as fa 
as my observation goes, the pollen-grains of the long-styled form 
are invariably smaller than those of the short-styled form ; ti 
least this is the case in the primrose, cowslip, and polyanthus.* 

In figs. 22 and 23 we have the long and short-styled forms of 
the primrose, figs. 24 and 25 of the cowslip, and figs. 26 and 2T 
of the polyanthus (transverse view). The explanation of this 
difference which has been suggested by Darwin and Lubbock,is 
a very ingenious and probable one. The long-styled form of 
Primula would of course require longer pollen-tubes to pea^ 
trate the style in order to reach the ovules than the ahort-atjled 
form. It is fertilised normally by the short-styled form, and 
this latter form is therefore provided with pollen-graina of 
a larger size. In Prlmuht japonicn {in which I am not aware 
■whether the two foims occur) the form of the pollen-grain itf 
very different (fig. 28) — a triangidar plate with three deep fur- 
rows. Occasionally in anemophilous flowers we have spherical 
furrowed grains, as in Dleentra apecioaa (tig. 29), where there 
are also some irregularly disposed protuberances; or Plaiitago 
media (fig. 30), which approximates somewhat to the irregular 
form of P. lanceoiata. Sometimes also we have ellipsoidal 
grains without any apparent furrow, as in Anthrisoua aylvestria 
(fig. 31), Adoxa Moschatelli'iui (fig. 32), which is somewhat 
lenticular, Karci^sua poetlcus (fig. 33), and the very largA 
grains of FritUlaria imperialia (fig. 34) and F. MeUagris (fig, 
35). Others again are characterised by being furnished with 
protuberances scattered irregularly over tlie grains, as RibcB 
aurewn and R. frtiticosum (figs. 36 and 37 ), the protubeianceg 
apparently causing the grains to adhere together in masses. la 
the very minute pollen-grain of Hoteiii japonlca {&g. 3S\ then 
is one such protuberance on each side, which is the ease also 
■with Stunfrana o-assi/o/itt (fig. 39). The section of the genua 

' I have Mr. Ddtwin'a authority for Bayiog that his fltntement t 
contrary effect, which will bo found in hia paper on the species of Ptimila 
in the " .Tournal of the Linneao Society," toL j. p. 803, i« an error, wliielx 
will he found corrected elsewhere in his writings, and in those of Hildi»^ 
brand and Lubbock. It has however been copied into several of our " 
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yioia, known as Melaniwriiy has a very remarkable form of 
pollen-grain. They are of a (comparatively) enormous aize, the 
Mteral aspect presenting nearly a rectangular parallelogram, the 
transverse aspect a nearly regular pentagon or hexagon. Fig. 40 
represents the two viewsof the garden pansy, fig. 41 the side view 
of yiol<i lutea, and fig. 42 the transverse view of V. an'nuta, 
offering a remarkable contrast to the size and form of the grains 
in the section Noininium of the Bamegenus(seefig. 13). There 
is no doubt that this variation is connected with a difference 
in the mode of fertilisation in the two sections — a view which 
ia confirmed by the great difference in the form of the stigma. 
The form of pollen-grain covered with a number of distinct 
s-haip spines, is characteristic of certain natiu-al families, especi- 
ally Miilvaccie, some sections of Compositae, and some Cu- 
criirhitaceiB. They are usually, but not always, spherical, 
rig. 43 ia the very large and beautifid grain of the hollyhock 
f AUhaa rosea). The grain of the garden Cineraria (fig. 44), 
presents about Uventy-i'our nf these spinea roimd any diameter. 
t'ig. 45 is the spherical grain of the dandelion {Taraxacum 
^^dnale) ; fig. 4fi the ellipsoida! furrowed one of the groundsel 
{Senecio vul'jai-ia). 

PoUen-gTiUne fastened together by viecid threads, bo as to 
enable tbem to be carried about with greater facility in masses, 
^re of various sizes and forms. One very familiar ^"ariety 
weurs in the various species of Rliododeiulron and Azalea ; 
another is afforded by the well-known triangular grains of the 
Onagrariete, as illustrated by the Fwcltsla (fig. 47), and another 
hy the " touch-me-not," or Impiitlcvs. The same occura in 
Cittyophyllaceae, as Stdlarlit Holmtea (fig. 48', and Lychnis 
^iuma (fig. 49), where the grains are also covered with a 
g'eat number of tooth-like or wart-like projections. The 
^THootli oval furrowless grains of Salix niteiis (fig. 50) are 
^""nnected together in the same way. A different mode of 
■''iheaion is exbihited by the pollen of Gamut iiuUca (fig. 51). 
The grains are first of all Iiexagonal, and firmly attached 
together by their aides ; but after they become separated from 
one another appear almost perfectly spherical ; they are 
furnished with a niunber of minute Bpinea, A very si mi l ar 
appearance is presented by the pollen oi Aljivnla (fig. 52). In 
Die cultivated "white Arum" Richnrdla afrlmi-na (fig, 53), the 
graina are variable in size, oval, without furrows, and connected 
together in long Htrings and masses. The pollen-grain of 
Coitcea arAi/ndenn (tig. 54), is one of the most magnificent 
objects under the microscope. Perfectly spherical in outline, 
and nearly -jo^ of an inch in diameter, its surface is cut up into 
minute hexagonal facets, reminding one of the eyes of a fly. 
A very interesting illustration of the rektion between the 
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form of the pollen and the mode of pollination was brougbt out 
in a recent examination of perfect flowering specimenn of tlio 
" Kerguelen's Land Cabbage " sent home from the Challenger 
expedition, wbo bad used it largely as a vegetable while in thode 
inhospitable regions, Pringlen antiscorbutica diEFers from 
the normal type of the order CruciferiE, to which it belongs, in 
the entire absence of petals, the absence of honey-glands at the 
baae of the flower, the long exserted style, and the stigma covered 
irith long papillae — all pointing, as suggested by Dr. Hooker, to> 
the conclusion that the PringUa is an anemophilous species in 
an order usually entomophilous. This inference is in harmony 
with the fact of the almost entire absence of winged insects in 
that country, which is constantly swept by the most furious 
winds. It is true that Mr. Moseley, the naturalist to tha 
Challenger expedition, reports having found numbers of an 
apterous fly crawling over tlie foliage of the plant; but, 
singularly enough, he saw none on the inflorescence iteelf; 
whether they have any share in the fertilisation of the flower 
will remain for future explorers to discover. Having an- 
opportunity of examining the pollen-grains imder the micro* 
scope, I foimd them altogether in accordance with the 
hypothesis that the pollen is carried by the wind. While the 
usual form of the graina in CruciferEc is ellipsoidal and three- 
furrowed, as illustrated in Aubrietia (fig. 12), or in the more 
nearly allied SisymhTitim officinale (fig. 55), those of PrmgUa 
are, as exhibited in fig. 56, very minute and perfectly smooth 
and spherical. 

Hermann Miiller, who has devoted mucli attention to tha 
reciprocal adaptations of flowers and insects to each oth«c^ 
needs, has described in liis " Befnichtung der Blumen durch 
Insekten," and in greater detail in " Nature " (vol. viii. p. 433« 
et seq.), a remarkable kind of " dimorphism " exhibited by 
certain flowers. Our figs. 1 and 2 (Plate CXX.) are tak^i 
from the latter series of papers, and illustrate the phenomenon 
in the case of the common eye-bright, Euphrtudii officinalis, so 
pretty an ornament to our hill-sides and heaths. If th« 
specimens of this flower growing in different localities are 
observed, it will be found that those that inhabit more opaa 
simny places have larger and more brightly-coloured flowers* 
while the flowers of those in more shady situations are smaller 
and paler — the relative sizes being represented by figs. 1 and 3 
(both considerably magnified) — and that this difference in aizo 
is accompanied by other structural differences which favour 
cross-fertilisation in the one, self-fertilisation in the other c 
If a flower of the larger form which has just opened (fig. 1 a) 
is examined, the stigma, st, already in a receptive condition, 
considerably overtops the anthers, an. Each of the two lower 
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I uithers is provided witli two long hairs, h, wliich, in this stage 
I of the flower, project into the opening of the corolla, so that an 
\ insect thrusting its head into the flower necesHarily strikes 
L against them, and in so doing shakea the pollen out of all the 
^^nthers on to its prohoscis, and then carries it to the next 
^Hmrer it enters. At a later Bta^e the parts occupy the relative 
^Hfcition shown in b ; and hy this time the stigma it) hrown and 
^^*ithered, so that self-fertilisation is impossihle. In the flower 
' 'if the Bmaller form, (fig. 2), the authors have completely 
iJi-charged their pollen before the flower has fully opened (in 
ibe slate shown in a); and the atigma, st, instead of over- 
topping the anthers, is slightly below and almost in contact 
with them. When the flower is fully open (i, c) the atigma is 
already withered up, so that cross-fertilisation is almost 
impossible. Dr. Miiller has observed three species of Diptera 
and four of Hymeuoptera visiting the larger form of the 
£iiphrasia, but never any on the inconspicuous ones. The 
same dimorphism is found, under similar conditions, in several 
other plants — Miiller mentions especially Lijspntacliiii mihjaria 
and Rhinanthus Crista-galU — accompanied by similar con- 
trivances for ensuring different modes of fertilisation. In the 
latter case the two forms have been described as distinct 
^Urietiea, R, Cristit-ffalll, a, and ff Linn., and even as distinct 
species, R, iriaQor and minor Ehrh. In this last plant the 
^Uiail-flowered form appears to be frequently visited by insects, 
*iid to be self-fertilised only when by any chance it is left 
"Q visited. 

One of the most remarkable contrivances for ensuring crosa- 
'ertilisation is exhibited by the birth- wort {Ariiitolochia 
^^ematUis) a rare wild flower in our southern counties. Fig. 
3 a represents a flower cut through lengthwise when jnat 
'Opened. The stigmas, et, are in a receptive condition ; but 
the anthers, an, are still closed. A pmall insect, in, which 
lias brought on its back a mass of pollen from an older flower, 
has passed through the tube of the calyi, t, and reached the 
globidar cavity below ; the retrorae hairs which clothe the tube 
of the calyx effectually preventing its exit when once im- 
priaoned. During its imprisonment the insect is sure to 
deposit some of the pollen on the stigma, the lobes of which 
then curve up, as represented in b. This ciurving up of the 
stigmatic lobes enables the anthers to open and discharge their 
pollen, some of which must adhere to the bodies of the still 
imprisoned insect. The hairs in the calyx-tube now die 
away, so as to allow the insect to escape and carry the fresh 
load of pollen to other flowers. But the flower has now alto- 

Eer altered its position. As long as the stigma was still v 
septive condition, the pedicel was erect, and the calyx open! 




HlPnUB SCIKXCB BETIKV. 



1 



I 
I 



lepresented in a), inciting the visits of insects. But u 
as the pollination of tbe stigma has l>een effected, (lie 
pedicel bends sharply downwards just beneath theovarv, soaato 
bring the flower into a. pendent position ; and by the time tbe 
insects have escaped, laden with pollen, tlie standard-Hke lip,(, 
of tbe calys bends over so as to close up the orifice (as seen in 
b), and prevent any further incursionB. The relative position 
of the reproductive organs woidd seem to render self-feitilut^ 
tion impossible ia this flower ; and as many as six or eiglit flie* 
have be«D found imprisoned at one time in the globular cantj 
Qf the calyx. 

The position of a bee when sucking the honey frum * 
flower with a tubular corolla is well shown in flg. 4, cofde^ 
from Sprengel's " Entdeckte Geheimniss der Natur " lepre-- 
ecDting a flower of Stachya gylvaiUa so visited. It waa in- 
fect the very instance here depicted which led Sprengel to the^ 
discovery that in "dichogamous" flowers, where the reproduc- 
tive oigana are not mature simultaneously, these organs occupy 
successively nearly the same position in the flower at the period 
of maturity of each, so that the very same part of an insect's 
body which rubs the pollen out of the anthers of one flower 
comes into contact with the stigma of another flower. Well 
might Sprengel exclaim, when the general truth of this law first 
b^au to dawn upon him, " Who must not admire the perfec- 
tion of the structure, both of this flower and of this bee ! Who 
canuot perceive that the Creator has adapted each one for 
the other, and has so constructed them that each supplies the 
need of the other \ " Readers of Darwin's work on the Ferti- 
tisation of Orchids will recollect tliat from the extraordinary 
fesgth of sp\ir of that remarkable orchid Anffr(Ecum. sesquipe^ 
daie he draws the conclusion that Itladagascar, its native 
oountTT, must be the bume of moths with a proboscis capable of 
exten&ioD to a length of between ten and eleven inches, for which 

!Ku:piw> only could a spiu- be prorided of such enormous 
cngth. A very short time since, Dr. Fritz Miiller vindicated 
tbe tagftcity of our great naturalist by sending home from 
Bimiil tJie probowis of a moth ' capturi^ in the province Sta. 
Oitharina, of pivK-isely that length. 

The mode in which liees obtain tlie honey from Sowers has 
bwo a tiiibji'vt of muoti controversy among naturalists. Swam- 
nmxtamm, two centuries ago, erroneously described the V>iigue 
M • hollow tube, pcrfontted at the extremity. This ernv 
1IM d«tect«d by suheequent ultscrver^ who taught — also erro- 
M<wat|^~tt)<>t the tougue of l)ees is merely a licking aud not a 
' ' ;mtl. This i$ indeed tlie teaching of most modem 

• l>i»wn in " NntiiTfi," toL vUi. p. 2-'.1, 
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tetomolog^at^ even of so acfomplishefl an oliserver as Milne- 
Edwards, who says that " honey-hees obtain their food not by 
(licking, but, as it were, liy lapping, nearly in the same manner 
U a cat does." The same view is held by Carl Vogt and 
Gerstaecker. HermaDn iliiller, however, coDBidcrs that lie baa 
proved that bees and other Hymeuoptera really do snck honey, 
i'ig. 5 (borrowed from him) represents the oral apparatus of a 
Uve- or humble-bee stretched out to its fullest extent. The 
most prominent portion of this apparatus is the long tongue or 
liyiihi, 11, at the end of which ia a little membranous lobe, w, 
wiiich was erroneously taken by Swammerdamm for a perfora- 
tiou. The ligiila is composed of a number of rings, each pro- ■ 
Tided with a whorl of haira, which can be erected or pressed J 
closely to the ligula at will. This ligiila can be partially 
drawn back into the tubular mentuyii, int. On each side of 
the hgula, and inserted into the mentum, are the labial piUpi, 
j>/, the two firet joints of which are flattened and very slender, 
vith a central rib, forming a sheath to the tongue, eDclosing it 
from below, whilst the two small joints at the tips serve as 
feelers. The maxiUfe terminate in two flat lanceolate homy 
pieces, the laviinis, la, each with a central rib, which also 
form a sheath to the tongue, enclosing it from above. Tha 
'"^i^xxUlary paijti-, pm, occm- in the mouth of typical bees only I 
*s atrophied useless organs. When a bee is obtaining honey I 
from a flower, it may be seen to execute in succession a number J 
^f distinct acts of suction, sometimes as many as eight or ten, I 
^ch act being accompanied by a protnisioa of the tip of the I 
*Ongue, followed by a retraction of it and of the whole sucking- ■ ] 
^Ube. The mechanism of these movements is thus described by 1 
^liiller : — In order to reach the bottom of a deep nectary, the | 
5*«e stretches out the whole of the movable parts of the suck;. 
**ig apparatus, as shown in fig. 6, except tliat the two first 
Joints of the labial palpi sheathe the tongue from beneath, 
'^hile the lamina? closely embrace the mentum and the basal 
t^rt of the tongue from above. When tlie terminal hairy 
■Whorls of the tongue, protruded as far as possible, are wetted 
\vith honey, the bee withdraws the mentum, together with the 
tongue and the labial palpi, so far that the lamina; are no 
longer overtopped by the ktter, and that the laminse and the '^ 
palpi together, closely embracing tlie tongue, form a sucking* j 
lube, of which only the upper part of the tongue above the ' 
labiaJ palpi is prominent. The bee then withdraws the hairy 
whorls of the tongue, wetted with honey, into this sucking- 
ttibe ; and the suction of the honey into the cesophagus is 
accomplished by the enlargement of the interior abdominal 
hollows connected with the oasophagus — which is visible from , 
the outride by the swelling of the abdomen — and the simulta- I 
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neoits action of the wboil of hairs on the tip of tlie tongues 
gradually progresBinff downwards towards its base. These: 
various movements JIuller was able to follow by intoricating; 
bees with chloroform, and then immerBing the tip of the tongues 
into a solution of sugar. WTien the bee is flying on a honey- 
seeking expedition, it carries its sucking apparatus stretche<fl 
forwards, so as to be able to put it directly into the opening oM 
the nectary ; its tougue being perfectly enclosed between tits 
labial palpi and the maxillie, and t.he delicate whorls of hairs 
thus protected from injury. Bees frequently require to obtain: 
the fluid from the cellular tissue itself of the petals, as in ths 
hyacinth and some species of orchis, or from nectaries tocz 
deep to he reached by the proboecis, as in the heath or clover 
for this purpose they sometimes bite the flowers by their mnnL^ 
dibles, but more often pierce it by the extremities of th— ^ 
maxillae or laminte. Darwin states, in his " Origin of Specie*^ 
that the common red clover, although containing abundance c 
honey, is perl'ectly iiaeless, owing to the length of the corolla 
tube, to the hi\-p-bee, until the tube has first been bittes 
through by a humble-bee. The honey of Tft/oliwm iiieas 
7i«(um, on the other hand, is perfectly accessible to the hire 
bee. 

H. Miiller has described, in a very interesting manner," th: 
mode in which hive- and honey-bees collect pollen. Tliey fir- 
moisten it with honey before stripping it off with the brush 
of their feet from the anthers. During thia process the maxil' 
and the labium are commonly bent beneath the breast as whi 
at rest ; the jawa are opened, and a drop of honey is spit o " -^ 
upon the pollen. The dry pollen of Planta^o lanceolaUi (Ii^h 
7, PI. CXIX.) MUller saw collected by a bee in the foUowi^ 
manner : — The bee maintains itself in the same place, imn^^ 
diately before the anthers, by very rapid vibrations of EZ^ 
winga; its sucking-apparatus is stretched forwards, but t'— - 
tongue quite enclosed between the lamina? and the 
palpi ; and a drop of honey is spit out from the tube on to 
anthers. It then suddenly grasps the anthers with the brusl 
of its anterior legs, and strips off the moistened pollen 
them ; the dry pollen from the neighbouring anthers ber 
also shaken out in a dense cloud. In Plantaifo lanceoli 
there is no honey ; when pollen is to be collected from uecta- 
feroua flowers, bees retract their sucking-organa, while the 
organs have to be stretched out when the honey is coUecl^^*^ 
They can never therefore suck honey and collect pollen at V-*'^ 
same time, but perform these actions alternately. There a*^ 
howBYer, some bees, like Andrenuy Oimuiiy and Megacki^ 
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irbicli collect poDen withoat moistening it ; and these maj be 
obeerved to perform both operations simultaneoiLdT. 

The mode of fertilisation of the Orchidwe and Asclepi- 

uleip has been made so familiar bv the writings of I>arwiii and 

others, that no detailed description will be nece^:saiy. With 

the exception of the Bee-orchis, orchids are ahoost invariably 

entomophilous ; and the parts of the flowers are so arranged 

that in obtaining tbe honey from the nectaiy (the spur or 

labellum) the ^-isiting insect — mostly some species of Hy- 

rnenoptera or Lepidoptera — must necessarily strike its head or 

piroboecis, in the first flower which it visits, against the viscid 

<disc, so as to detach the pollinia or pollen-masses : while oa 

^?nteriDg another flower these pollen-masses are made to strike 

^against the stigmatic surface. Fig. 6 shows at a a drawing of 

-^e common tway-blade, Llstera ovtiUi, copied from the 

frontispiece of Sprengel's " Entdeckte Geheimniss der Natur ; " 

^nd at b another flower, in which the honey is being sucked 

irom the spur by a species of ichneumon, illtistrating how 

sitlmimbly the two long arms into which tbe labellum ia 

^itvided are fitted for affording a standing-place to the insect 

Tihile obtaining the lioney. 

A plant which it is difBcuIt to place in any class in relation 
to tlie mode of its fecundation is the Vallisnerla spiralis, of 
tlie South of France, so commonly grown in fresh-water 
aquaria. The poUinatiou of the pistil is eflected in this 
iastance neither by the agency of insects nor by that of the 
wind, but as it were spontaneously through the medium of 
tmter. The plant is dicecious, the male and female flowers 
(fig. 7, Tii. and /) being both of very simple atructiu^ and borne 
on different plants, often growing in close proximity to one 
iinother. The male flowers are borne on very short stalks, the 
female flowers on much longer spiral stalks, which have the 
power of coiling and uncoiling. When mature the male flowers 
hreak oflT from their pedicels, and, rising to the top of tlie 
water, scatter the pollen abroad on its surface, aa if waiting the 
arrival of tbe female flowers, which, about the same time, also 
rise to the surface by the uncoiling of their pedicels. In this 
position some of the floating poUen reaches them and fertilises 
the pistil ; and when this has been accomplished the pedicel 
again coils up and brings tbe female flower again below the 
surface of the water, where it ripens its fruit. 

These examples wdl sen'e only as a few illustrations of tbe 
vast field still left for observers of the phenomena connected 
with the contrivances supplied by nature to favour the croa*- 
fertillsation of flowers. 
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PL.\TE CXIX. 



(N.IJ.-r"=d'o5ii^) 

Pig. 1. Corylas Avfllaiia, V"; 2, Sftula alba, V" ; 3, ToptAu baltatt^ft^ 
1"5"'; 4, Lusula camjie^tii, 1'3"'; 5, Mercurinlu jiermmt, I'S'" 

jiO'7'"; 0, Sn.iiiii tempemirens, I-SS"'; 7, Pkmtago bnctolafa, 
1-26'"; 8, Jofl miHiw, 1-2'"; 0, Bnsrt wiodw, 1-S"'xl"'; 10, 
Daett/lii fflot»erata,l-Q"' '•l-2!i"' ; 11, BoHonctihuPicaria, 1*7"'k 
1-25'"; 12, Aubri/fia drUMta, 1-4'" xl'"; 13, Viola ttfleaficn, 
10"' X 1-3'"; 14, Aticuba jt^miico, 2-3'" « 10'"; 15, Zanaum 
atbain, 1'6'"kO-7"'; ]((, Lamititn ptirjmrmait, 1'8"'k1"1"'; 17, 
Kepeta Glechama, 2'4'"xl'4"'; 18, Hatania orientitht, 1-2"' x 
OO'"; 19, ConPattaria Fohjaoiudmn, 28"'k1'"; 20, Brymia 
dioka, 2'7'"xl-4'"; 21, Folt/ffiita myrtifulia, 2'4"'Kl-S'"i 22, 
iVtmuAi vaigaru (long-styled), 0-0'" x OS'" ; 23, Primula tmlgant 
(short-atyled), l-2"'xO-75'"; 24, Fi-imula rent (long-s^led), 
r"x0-5'"; 25, JVimuin aerii (short-styled), 1-4'" xl'"; 2B, 
Ih-imtUa iijgarit(\ai. hort., Polyanthus, long-e^led), 1-3'" x 0*"; 
27, Folf/milhM (ahort-stjied), 1-fl'" x l-I'"; 28, rrimHlajapcmiea, 
0-8'"; 29,ZJi«?ifra gpecioia, 1-S"'; 30, IHtmbtgo Tiudia, 1-2'"; 81, 
AHihriscuttyloiiani,!'" xQ-O'"; ^12,Ado.va Motchatdtma, l-4'"x 
0-7'"x06"'; 3&, Kardaia podiau, 2-2'" x 1-1'"; 34, Fritmaria 
imperiaHt, 4'" x l-75"'i 36, FriliUarin MtUagris, 3-5'" x l-3"'j 38, 
B3k» mtreum, V"; 37, Itiha frtaicomm, 1-4'"; 38, JTotiia jo- 
jxmka, 0-7"' x 04'" j 39, Sa.Hfraga craaifoiia, 1-4'" x 0-8"' ; 40, 

Fiola trieoinr (vm. hort.), 3'7i5"' x 2"'; 41, Viola lidea, 3-8'" x 
1-7"'; 42, Viola conuda, 3-5'"xl-0'"; 43, AUJuta ro*«i,4-4"'; 
44, Citurmia, ap., 1"'; 45, Taraxacum offidnide, 1-25"'; 46, 
Smeciu Bulgarit, 1-3"' x 1-1"'; 47, JW/oin, sp., 2"'; 48, iSMIarw 
SoloXea, 1 ■25'"; 40, Xyf Ahu rfwrno, 1-25'"; 60, Saftj- uiUH», 1-3"' 

xOr'"; 51, Coniui indii-a, 2-3"'; 52, Alpinia qi., 2-fl'"; 63, 
Sichardia africmia, 2"'xl'4'"; 54, Cob^a icandaa, 46"'; 65, 

Sia/mbrium offianide, l-3"'xO-75'''; C4, PriHfflea antiacorbittiea, 

0-75"'. 



PLATE CrXX. 

. 1. Euphrasia vffidiialif, UrRer-flowereJ form ; <(, flower just opened; 
6, positiou of sUgnia and nntbera in s more ndvruiced stage ; c, 
two anthers Been from tbe inner side ; at, atignin ; an, anthers ; 
h, hsirs attached to the two lower anthers. 
Fio. 2. Eiiphraiia i-ffkmalis, smaller- ttowered form ; a, flower just opaning ; 
b, position of etigms and nuthera m thia flower ; c, flower in a. 
more advanced stage ; the letters as in fig, 1. 
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Fie. S. Aristolochia Clematitis ; a, flower in an earlier, h, in a later stage ; 
si, stigmas ; an, anthers ; t, tube of calyx ; I, standard-like lip of 
calyx ; in, insect imprisoned in globular cavity. 

Fie. 4. Bee sucking honey from flower of Stachys sylvatica. 

Fie. 5. Head of humble-bee, JSombus af/rorum ; it, ligula ; w, membranous 
lobe at tip of ligula ; ]}l, labial palpi ; /a, lamina ; pm, maxillary 
palpi ; mi, mentum. 

Fie. 6. Flower of tway-blade, Ltsiera ovaia ; b, showing an insect] (ich- 
neumon) seated on the labellum, and sucking the honey. 

^^Q» 7. ValUmeria spiraiiit ; m, male ; /, female flowers. 



^68. 1, 2, and 6 after H. Muller ; figs. 4 and 6 after Sprengel. 



COLOUR STUDIES WITH THE MICROSCOPE 
By IIEXRY J. SLACIi, F.G.S,, Sec n.lLS. 



A SYSTEMATIC application of the microscope to the arts of 
destign maj be strongly recommended from the extreme 
■convenience with which ornamental forms or arrangements of 
colour may be brought under notice and compared with each 
other. It would take half-a-dozen lectures, or a good-sized and 
richly-illustrated volume to do anything like justice to the 
subject ; but in the present paper a few hints may be given, 
more especially relating to the employment of the instrument 
in the study of colour, with a view to the appreciation of the 
principleti by which beautiful results may be ensured. Colour 
may be studied apart from/oj-m, so far as its scientific aspects 
ate concerned ; but in connexion with art the two should be 
considered together, as the best results can only be obtained 
when the eye is satisiied with respect to both. Until men and 
women are made upon a much more imiform pattern than at 
present — a thing neither probable nor desirable — there will be 
considerable diversities of taste both for form and colour ; but 
there will still be sufficiently broad and general agreements 
amongst cultivated persons to enable certain canons to be estab- 
lished and rules laid down. We find in architecture that no pre- 
ference for Gothic over Greek, or Italian over Elizabethan, pre vents 
the partisans of all from agreeing upon fundamental principles, 
which are, however, very frequently violated, either from want 
of culture in the architect, or, from what is more common, his 
being compelled to work according to the requirements of the 
vulgar rich. The foundation of a good style in building is that 
the thing should be, and look to be, mechanically correct. A 
ponderous structure, apparently re«ting upon a sheet of gUiss, 
or upon nothing at all when seen from such a position that the 
glass is invisible, cannot bo in good taste; nor can so-called 
ornaments stuck on to walls or ceilings, and not in any way 
connected with their construction, be properly admitted. 
Analogous to the requisition for mechanical correctness in 
form, is the demand of a cultivated eye for a disposition of 
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colour that coincides witli similar nilcs. No one likes, 
ought to like, heavy masses of colour that are injudiciously 
contrasted with light tints. We often see the ugly result of 
inattention to this rule in wall-papers and carpets, in which 
Lagfe lumps of flowers or fruits, in strong colours, are scattered 
over pale thin grounds ; and we also see it when panels and. 
borders are so coloured that heavy tones are put where the 
lig-ht would look best, and vice versa, in defiance of the rule 
that supports of any kind should look strong enough and firm 
enough for the things supported. But the reader may exclaim, 
" >A.'hat has this to do with the microscope ? " Wait a bit, and 
it -wll be seen how readily experiments which would occupy 
weets if made with brushes and paint can be tried in a few hours 
by means of the microscope and its appliances. IJefore, how- 
ever, proceeding to the esperiments, a further, though brief, 
consideration of the subject theoretically will bo desirable. 

Colours affect the eye in proportion to their masses and their 

iiiminous intensity. From physiological reasons the eye is 

affected by the quantity of space a given light occupies ia 

estimating its intenaity. This is easily proved by looking 

at a watch-fiice when the light is too faint for the figures to be 

distinguished. If only a small quantity more light would 

make them plain, it can be practically oblained by the use of a 

low-power lens. The lens takes in a larger quantity of light 

than would have entered the pupil without it, and though 

tlirough its magnifying power it spreads the light over a pro- 

pTtionally larger surfiice, the effect upon the eye is to make 

'■very part of that surface look brighter. This ia sometimes 

'lenied, but it ia easily proved ; and when using telescopes of 

•"■■en no more than three inches aperture, it is often convenient to 

t'lace B delicate neutral tint glass over the eye-piece to moderate 

'lie blaze of the full moon seen through the instrument. 

^'ithin certain limit.'', increasing the size of a surface that 

onite a bright colour adds to its apparent brightness, and 

lakes a greater strain upon the eye. 

The length of a wave of red light is about j a ^ on th of an 
y^\ that of a wave of violet light about j-j-J-j-j^th of an inch, 
Md the intermediate colours of the spectrimi range between 
thae two extremes. " The sensation of red is produced by im- 
l^rting to the optic nerve four hundred and seventy-foiu- mil- 
Iwns of millions of impult^es per second, while the sensation of 
™ilet is produced by imparting to the nerve six hundred and 
ninety-DiQe millions of millions of impulse in a second." * 
^ben the eye is strongly affected by any one colour, its nerves 
i<ot only vibrate in unison with it, but they are disposed to 

• Tyndall, "Koloa on Light" 
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vibrate in unison witb that, opposite and complementary 
colour, whatever it may be, that would, in conjuaetion with the 
original colour, make up white light. As we never see one 
abeolutelj piu-e colour completely separated from all others, 
this process is not simple, and the result does not consist in 
one primary and one complementary vibration, but in seta of 
both. Thin action is agreeable to the eye, and consequentif 
a Benee of harmony is created by the juxtaposition and aimulta- 
neoiu contrast of colours that stand in this relation to eadi 
other. This is tnie, so far us relates to the primaries, which 
are conveniently considered as red, yellow, and blue,* or to tha 
secondaries composed of any two of them. In the case of 
tertiary colours composed of various mixtures of the three pri- 
maries, we may start witb disagreeable tints, and make them 
more so by tlus kind of contrast, or we may start witb plea- 
sant tints and improve them, as the case may be. 

Many attempts have been made to compare colours with 
sounds, but only witb partial success, although in both 
the numerical relations of the vibrations in one case to the 
optic, and in the other to the auditory nerves, determinea 
whether sensations of pleasure or the reverse are prodooed. 
We may, however, use the terms colour harmony and oolovie 
^melody in senses akin to those of the musician, though not 
precisely the same. Colour harmony is so far like sound 
harmony that it results from the simultaneous impression made 
by two or more coloiuTi seen at once, but it is not indispensable 
tliat the colours sboidd, as it were, fuse together to the extent 
as the sounds do. In the harmony resiUting from Chevreura 
simultaueous contrast, each colour, or component of the harmony, 
stands out distinct from the other component when the masses 
of each are siifficiently large. There are also colour harmonies 
in which no single hue or tone is allowed to acquire this pre- 
eminence ; the effect upon the eye is then analogous to tlie pleft> 
sure received by the ear in listening to harmonies of a composer 
like Beethoven, rendered additionally complete by a fine 
orchestra comprising instruments varying in thnbre 
clang. In a fine landscape it is often very easy to count) 
twenty or thirty distinct tones and hues of rock, trees, heath, soil, 
&c., in rich harmony ; and when an artist attempts to render 
this witb a few cnide tints, the effect is little better than an 
attempt to play one of Mozart's Masses upon a peimy whistle. 

Colour melody may be used to mean som^hing like tona 
melody, if we intend by it a succession of pleasurable effects 
passing from one part of a picture, or artistic pattern, 

* Qreen hat a better claim Uion yellow to be regarded as n utaple ei 
but fur art purposua the common way of speFibiug is tlie best. 
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Wiother. Inferior colourists in their paintings constantly sin 
against colour melody, by making the transition from one 
wJour to another next to it or near to it too violent, or mutually 
Aiamging through the unavoidable physiological introduction 
("f complementary tints. In decorative art — ladies' dresses, por- 
<^''lain work, wall-papers, curtains, and furniture — the colours 
*)joii|(l be so arranged that no good effect in any part is damaged 
^y the eyo coming to it from looking at any other part. 

Alost of the commonplace ndes, such as not to contrast a 
wcondary with its outstanding third, will be found incorrect if the 
influence of quantity, already insisted upon, is taken into accoimt. 
f**!" example, instead of a contrast of green and blue being wrong, 
it is particularly agreeable if well made. Nature shows how to 
do it in such flowers aa forget-me-not, neraophila, blue bells, blue 
i^'ses, monkshoofl (pale and dark), \-iolets, &c. Of course the 
l»le sky-bluQ of the forget-me-not, and the fuller blue of 
n&mophila, do not want the same green as the purple blue of 
Ae violets ; but take the piirest blue that can bo found, and a 
i^'^rrcsponding green will contrast well with it if the quantities 
^re properly studied. The same may be said of orange and 
I'bip, purple and yellow. 

Equal quantities of colour in considerable masses aad juxta- 
f'lsed are never agreeable, and great inequalities are required to 
[iroduce good effects when secoudajies are contrasted with their 
'utstanding thirds, although, contrary to what is stated in 
jiome l)ooks, there are, apart from errors of relative quantity and 
intensity, no inevitable colour discords except when two or mors 
colours are so juxtaposed that their complementaries damage 
<>ach other to the extent of ugliness, just as they would be 
injured if to each were applied a wash of the other's complo 
mentary tint. 

As the object of this paper is not to offer a theoretical trea- 
tise on colour, the preceding remarks may suffice as an intro- 
duction to our experiments. 

For the study of exceedingly brilliant combinations of colour, 
such objects as the elytron of the diamond-beetle, the Tamarisk 
beetle, pieces of peacock copper ore, slices of precious opal, &c,, 
may be used with advantage,as showing what results from very 
striking juxtapositions. The diamond-beetle tints are best seen 
when the object is prepared by simply flattening an elytron, 
having softened it first by steaming the under surface, and then 
gumming on an imcovered slide. The usual balsam mounting 
of the opticians alters the effect. What is most remarkable in 
this gorgeous object is the softening influence of the blue and 
green, so that eyes of ordinary streugth can bear with pleasure 
i intensity of illumination thrown upon it, that is by no meana 
[ VOL. xrv. KO. LT. K 
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ble with objects of equal lustre and a greater pioportioit 
ctf orange and reddish t ints. 

Looking at slides of these kinds can, however, scarcely be 
termed making experiments, imless their appearance is varied 
by employing tinted lights for their illumination. Monochro- 
matic lights of course are inadmissible ; but when a good beam 
of white light is mingled with a little of some coloured lif^t, 
the effect is analogous to putting a transparent wash or gkse 
over a picture. 

It is, however, by the use of polarized light and appropriate 
crystals that colour studies are best made with the microscope. 
It IB necessary to have, in addition to the usual polariziDg 
and analyzing prisms, a set of selenite films of different 
thicknesses, to vary the tints. Darker'a films well mounted are 
the best, but another arrangement, devised by Mr. Ackland 
(Home and Thomthwaite) will do exceedingly well. This 
consists in an ebony frame carrying a selenite plate, revolvii^ 
easily by applying the finger to a toothed wheel. Above this 
can be placed one of three separately mounted films, marked 
respectively 5, -J, |, according to their wave retarding power. 
Each of these is readily rotated. The microscope should have 
a rotating stage, and the analyser mounted so as to rotate with 
facility. 

A series of crystals of double refracting substances should be 
prepared either with colloid silica or a little sugar, or by such 
manipulation as does not allow the crystals to form until the 
mother fluid is in a viscid state. The silica is used by dissolving 
a pure water-glass in distilled water, gently adding hydro- 
chloric acid to imite with the alkali, and allowing the restating 
salt to dialize out of a parchment-paper drum, leaving 2 or 
3 per cent, of pure colloid silica in solution. Those who are 
accustomed to chemical operations will know how to do this ; 
others will find it best to get it. done for them. Having 
obtained the silica solution, dissolve the salt to be crystallized 
in it, and prepare a slide in the usual way over a spirit-lamp, 
not being satisfied unless complicated patterns are obtained, and 
a good many tertiary tints obtainable with the polarising appa- 
ratus. These slides should he luounted with Canada Babam.* 

Let the experimenter take for a begiiming an ordinary shop 
slide of salicine which, when the polariser and analyser are 
crossed so as to give a dark field, exhibits the well known 
circles with strong black and coloured crosses. The effect is not 
altogether pleasant ; though it could uot be called discordant, 

* The sort of pattems to be obtuned are abown in the plaUs to tba 
Author's paper on Cn/$lalli'Hf Fortns modified by CuUoid Silica, ■' Monthly 
Microacoptcal Journal," Mfirch, 1871, 
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COLOnt STCDIES WITH THE MlCHOSCOrE, I3t 

Jtiscmde. No turning the polariaer or analyser gets rid of 
'tis crudity, thoiigli some improvements may be made. Now 
introduce selenite on the stage ; say Mr. Ackland's construction, 
using the bottom plate only, so ae to get, with the right positions 
of polariser and analyser, a pale yellowish green tint. Two 
lieams of the cross in the slide before the writer now appear 
pinlc, shaded ; two others pale blue, and four others green, 
shaded and varied in tint. This is a great improvement upon 
the former trials, but the pattern is not a good one, and the 
colours look too separate to blend. A little pleasant variety is 
ol>tained by placing Ackland's |- selenite over the foundation 
one of his apparatus. With this combination some flowery 
pi^ttemH adjacent to the big circles and crosses come out with 
more variety and harmony. We find now contrasts of green 
■"■ yellow, and red purple, no colour standing too sharply 
c"" ia too large masses. A salicine slide prepared with colloid 
silica, and crystallized in elegant little rosettes, being placed in 
the field shows blue, yellow, orange and red, all looking crude. 
Revolving the analyser works no satisfactory improvement, but 
"-'^eral positions of the polariser introduce harmony, and in 
^mrj^ we notice elegant citron greens relieved by purples, pale 
''Ot^, light yellow, and reddish brown, well disposed. This by 
'^'i other position of the polariser is all made ugly, tlurough the 
'Introduction of inharmonious orange red. Beauty is again 
'-•'■•t-ained by a slight left rotation of the bottom selenite on the 
f^fre, and we have sage and other greens with purples, violet, 
""^tl something like primrose, well arranged. 

-Another richly foiiateti salicine slide affords amongst other 
"*its line bluish greys, well harmonized by their surroundings. 

Cupric sidphate with silica, or by other means made to give 
''Piral forms, rosettes, and patterns something like loosely 
'"'isted hanks of wool, affords very fine effects, abounding in 
''-rtiary tints. Cupric and magnesic sulphate crystalli7.ed 
''•gether in somewhat similar patterns are also very useful. One 
'Jfefore the writer gives, in one position of the polarising appa- 
'■^lus, an ugly contrast of blue, orange and golden brown badly 
Assorted, but which can he instantly changed to sage green and 
"ther tints of great beauty by slight motion of the polariaer to 
the left. 

With the selenites arranged to give a pale neutral tint ground 
Sot differing much from white, a slide of hippiu-ic acid in floral 
nwettes, affords bluish greys, dark and light ; pale greeny greys, 
and &wns, all subdued tints, exquisitely combined. 

Cadmic chloride in detached patterns, like small nosegays of 
various fiowers and leaves, presents an admirable pattern when 
the apparatus gives a neutral tint ground. By varying the 
selenites and their position, several fine changes are obtainable. 
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A nearly black gi'Ouud, a gros bleu, one, and a pale V 
among the best. 

By comparing the effects produced when substances ar 
tallized GO as to afford considerable masses of the same 
with others in which no single tint occupies a large part 
field, but a considerable variety of tints affect the pye a 
whichever part is looked at, will show how much a due j 
tioninent of quantities has to do with artistic results, 
also be noticed that when a good effect is obtained, it w 
always Itear transposition to the corresponding complain 
tints without the beauty being lost, and not unfrequentl; 
ness replacing it. This is analogous to music, which i 
often spoilt by transposition to another key. 

It is probable that most of the esperimentB described cc 
shown in a lecture-room by the new American lanterns ai 
ficiently large polarising apparatus, but private study wi 
microscope could not be dispensed with. 

Among minerals which may give good colour lessoi 
suggest patterns, may be mentioned serpentine, agates 
lazuli, manganese crystals in talc, opaljzed woods, s 
crystallized &om its solution in bisulphate of carbc 
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rE action of the wind and waves upon our coast affords & 
most interesting field for study. On first looking into 
Uie Buliject, we cannot but be struck with the widely different 
Meets which are produced by similar causes. We see the coast 
™ Holdemess yielding to the waves at the rate of from two to 
''Tee yards per year ; a few miles further south, at Spurn 
"oint, we find that the same causes produce an oscillation of 
™id and sea, sometimes the former and aometimea the latter 
?*Jning the mastery, but the nett result of which has been to 
Prolong the point to the south ; in other places {as at Dunge- 
"^h) the gain of land is constant and rapid, We say the same 
f'*»tsea produce the results, but it is manifest that the surround- I 
'"?& circmnstances must vary greatly iu tl»e different casM ' 
'-•liagle sometimes acts as a destructive agent, being hurled by 
'**(! waves against the land ; elsewhere it forms a long line of 
"^fenec, keeping the relative areas of sea and land unchanged ; 
'1 other places the shingle accimaulates, and increases the area 
or land. 

The material with which we are now alone concerned is, at 
^Tst sight, of little moment. Sand is proverbially weak and 
IJiatable, and one might well doubt if, either as a destructive 
Or preserving agent, it could have much effect upon the advance 
of the sea ; but plain facts show us that its effects are most 
important. 

The space between high and low water mark varies very 
greatly in different parts of the coast, both as to its width and 
the materials of which it is composed. Sometimes it is formed 
of rock, sometimes of mud, shingle, or sand. When shingle is 
accumulating, as also in some benches which are stationary, the 
whole slope is generally formed of pebble ; but the more couunon 
arrangement is for the shingle to occupy only the upper part; 
of the forcKhore, gene' " ' - about mean sea level ; below that | 
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there is rock, mud, or eand. \Vlieii the sand occurs only in th< 
lower part it rarely becomes quite dry, and the wind haa little 
or no effect upon it. But where sand occupies the whole of the 
foreshore, then that part at or near high water mark is dry foi 
the greater part of the tide. The wind lifts the particles ol 
sand and roUs them along. %\'here tho coast is cliffy the sand i? 
only Mown against the cliff, to he again washed down by the 
rising tide ; but where the shore is low the wind carries the 
sand beyond the roach of the waves, and there it acctunulates 
this IE) the origin of blown sand. 

The seaward face of sand-dunes is generally steep. This li 
sometimes due to the base of the dime being cut away by th* 
waves ; but much the same effect is produced on the side &ciiig 
the wind when the waves do not reach the hills. In no case 
however, does the slope exceed 30" with fairly dry and loos* 
sand ; although the slope generally appears to the eye to ' 
much greater than this. Dunes sometimes attain 
height. This is due to the sand being rolled by the wind alouj 
the surface and up the increasing »lope, not to the wind rail 
ing the grains of sand to any height above the surface. F( 
this reason quite a small stream of water will often suffice t 
stop the progress of sand-dunes. The sand is blown into tl». 
water, but not over it ; and unless the aand ao blown is siiflS 
cient to choke up the channel and dam hack the stream, Ub. 
sand cannot reach the further side. The fine dust of the deser* 
and of the Pampas, is carried to a great height hy the wioA- 
but this is an almost impalpable powder. 

We will now describe the coast sond-hilla of England, con: 
mencing with those on the north-east. The hills are nearl 
everywhere known as " dimes ;" but in various parts of Euglan 
they go by other names — as bents, downs, denes, links, 
towans, and starr-hills ; they are oft«n called *' warren 
the numbers of rabbits which inhabit them. The 
plant of the dunes is the " bent," or " starr-grass " — Arutut 
(Amniopliila) areimna ; the long rhidome of which hinds th" 
sand, and greatly checks its movements. 

The "links " of the Northumberland coast are often continuoiti 
for miles ; they are usually only about 1 50 yards wide, but ex- 
pand in some places to 300 or 400 yards. The average 
height of the summits is about 40 feet above mean sea le^'di 
but occasionally they rise to 60 or 70 feet. At the mouth 
of the little river Lyne there is a hill 87 feet high, ^^liere 
these links occur, the adjacent ground is mostly flat, and tie 
50-feet contour line is often half a mile or more from the 
shore. Although these links are of so small a height^ ycti 
rising abruptly from the flat ground, they appear to be bills 
of no mean elevation. Some species of plant«, which 
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1 abundance, are comparatively rare elsewhere. The 
ge, bright-red geranium (Geraniwm sangiiiueum) grows 
Shickly over the landward slopes of the lulls in many places ; it 
bas been recorded from but one other spot in Northumberland, 
snd that spot is only three miles from the shore. A variety of 
the same beautiful flower ((?. Lancaatrienae) occurs on the 
NindB of Walney Island. 

It is probable tliat but little alteration in the coast line of 
fflortbumberland has taken place during the historic period. 
Bede describes Holy Island, or Lindisfam, as separated at every 
, wde from the main land ; although there is much blown sand 
tliere it has not shut out the tides, nor can the channel have 
'•een materially altered in the eourse of 1,100 years. 

Durham and Yorkshire have but little sand blown along their 
'^'^•asts. The latter county is cliffy along its northern shore, and 
"long the southern half the sea is making rapid inroads, which 
^^ Would not do if there were barriers of sand. 

There is a good deal of blown sand in some places along the 
^oa«t« of Ijncolnshire, and the eastern counties. In this 
district the term "links" is no longer used, but the hills are 
mailed *' denes " or " downs." Near Lowestoft the blowing sand 
''as overtopped, and in great part concealed, the low sea-cliff. 

On the south side of the Thames the first important area of 
"lown sand is that near Sandwich, on the north of Peal, The 
^ratified nature of the sand is there well shown by bands of 
*^bonaceous matter, marking former sur&ces, which have been 
^ccessively covered up by freah accumulations of sand. 

The great alluvial flat of Romney Marsh is a moat interest- 
ing field in which to study recently-formed deposits. Here, or 
in its wide tributary valleys, we have alluvial silt and sand — 
both freshwater and mai'ine — submerged peat and forest-beds, 
ihingle and blown sand. The quantity of the last is but small, 
but it is of some int*?reat from the relation which it has to present, 
or past tidal inlets and moiiths of rivers. Here, as along the 
south-eastern coast generally, the shingle travels up the 
English Channel, driven by the waves which are Ibrmed by the 
prevalent south-westerly winds. The shingle is generally 
arrested, or the travel largely checked, on the west or wind- 
ward .side of inlets ; on the east or lee side of which there is 
frequently an accumulation of blowu sand. One small patch 
<if sand nearHytbe seems to have existed in the ninth century; 
on the south of it there was an inlet to which tidal waters had 
access, and which some antiquaries have supposed to be the 
old mouth of the river Limen, now called the liother. Ontil 
the middle of the thirteenth century the Rother entered the 
^Hea at Komney ; it then, during some violent storms, changed 
l^ts course, and went out to sea at Rye. At Romney there 
lown sand on the north, oi lee side, of the old chamiel. 
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At Camlier, near Hye, there is again snnd io a like pMJ 
tis regards the present channel. The sand at Camber has Uom 
partly over the rich meadows adjacent, but is now kept in ib 
place by vegetation." 

Patches of blown sand occur in many places along the coasta 
of Sussex, Hampshire, and Dorset. The most important areas 
are those at Christchtirch and Poole ; in each case the sand baa 
had great influence in obstructing the harbours. At Christ- 
church the dunes attain a height of 60 feet; and towards 
Bournemouth blown sand caps the cliffa up to a height at 
200 feet. There is some nand at the north end of the Isle oJ 
Portland, whici], with the extremity of the Cheeil Beach, 
would join the island to the main land, but that the sand is cat 
through by the narrow moutli of the Heet — a tidal sheet of 
water which runs at the back of the Chesil Beach, between tia 
shingie and the coast. 

The shores of Devon and Cornwall, especially the northern 
coasts, give many examples of somewhat large areaa of sand- 
hills, which are known as " greens " or " towans." The sand does 
not ofien reach any great height ; but Mr. Pengelly states thai 
in ^NTiitesand Bay, near the Land's End, there is sand over the 
cliffs at about 200 feet above the sea. The blown sand of 
Cornwall is interesting from the fact that some of it waa 
accumulated when the land stood at a lower level than now; 
it often caps raised beaches which are separated by a cliff of 
rock, 30 or 40 feet high, from the modern beach. The sand 
here, both of the ancient and modem dunes, is, in great part, 
composed of finely-broken sea shells, with many land ebelb 
intermixed. This sand is largely employed as manure, and 
has been so u^ed for nearly 300 years. Sir H. do la ){eche 
estimated in 1836 that at least 400,000 tons of eand were 
annually carted into the interior of the country ; of this aroonnt 
about one-fourth came from Padatow harbour alone. These 
estimates include sand recently washed up by the waves. Of 
the truly blown sand, that most recently formed is the IftOSt 
highly esteemed, this containing tlie largest proportion of lime. 
Sand which is considered worth carting contains from 40 to 70 
per cent of carbonate of lime. 

The Cornish blown sand is frequently consolidated into a 
stone, hard enough to serve for building purposes ; when freshly 
dug it is rather soft, but it hardens by eiposm^, and then 
I^Wtpmes a very durable stone.t 

^^^be reccDt depoaits of Eomiie; JIareh linre beeu fuUy deacriW I7 
^^Hjllrew, in the Alemoirs of the Oiyological Surrey, Sheet 4 ; ISUj. 
^^^^BlIitimRn Blceletoii from Ouadeliiupc, which uccupioB bo pfominait a 
^^^^Kibe paheoDtolo^cal room of the Britieh Uiueuai, ia uabodded in 
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The sands of the 'West of England have sometimes done 
much damage by blowing over the adjacent land. The ancient 
churches of Gwythian and Perranzabnloe, covered long ago bv 
blowing sand, were afterwards laid bare by the drifting away of 
the sand. At I'erran sands preliistoric barrows have been 
uncovered in the same way. 

The coasts of Cheshire and Lancashire are largely protected 
by sand-liills, some of the land behind them being below high- 
tei' level. The hills nowhere reach any great height; be- 
tween Liverpool and Southport they range to 70 or 80 feet, but 
elsewhere tbey are lower. Near Formby they cover a belt of 
ground nearly three miles wide ; here they have made serious 
inroads during historic times. Southport lies amongst the 
dimes; and here the blowing sand frequently penetrates inta 
the houses. In this district the dimes are called " starr-hills," 
" atarr-grass " being the local name of the Aiitndo arenarin, 
nhich grows thickly on the sand. Mr. De Kance considers 
tliat Eome inland hills composed of sand- — which, from a hill of 
that name, he has called " Shirdley Hill >Sand " — are really old 
nnd-dimea marking an old line of coast, 

There is much sand on Walney Island which travels east- 
ward, or towards the mainland, whilst the sea attacks the 
Western coast. Further north, in Ciunberland, there is some 
Wown sand, especially near Drigg. 

The sand-dunes of England have been here described in some 
"Stail, from a hope that all readers of this article may be per; 
*"ially acquainted with some one or other of the districts 
''escribed. The dnnes of Scotland and Ireland we must lea^e,* 
'iQd pass on to consider those of gi'eater interest and importance 
Of the Continent. 

. The sand-dunes of the Atlantic coasts of Europe attain an 
'^JK>rtance of which the comparatively small hills of England 
S'^'« lis uo adequate idea. From the Pyrenees to the lialtic 
neatly one-half of the coast is occupied by blowing sand. 
•'■^Hging the Bay of Biscay, the north-eastern part of the 
, .siii^h Channel, and the North Sea, there are large areas of 
SiiLiceous sand; on the coasts of Normandy and Brittany the 
^'id occurs in isolated patches, and is there more or less cal- 

ii^teous. Brittany and the western part of Normandy strikingly 
*ft*emble Cornwall and Devon in their geological stnictiirc, and 
pot less so in the character of the superficial deposits with 
Uncent fonnntion of Bimilor cbaracter. The dune-ennda nenr the luoutli 
W the Nile, and of parts of the8ahiLrn,nre Eonietimes consolidated into ^one. 
F ' The dunea of Scotland (({enerally known bb " Unka ") nre descrilred by 
tlokmot Geikiu in bis " Scenery imd Geology of Scotland," cK iii ; thoa& 
of Ireland (often appropriately called " rabbit^hilla ") baTe been described 
by Mr. Kinaban, " Geological Magaiine," vol. viii. p. 165. 
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wliicli we are uow concerned. Here, too, as i 
lages have been covered up by the Baud. From the i 
'Calcareous matter which it coutains, the Baud often pnti 
a fertile soil. At Cape Breton the dunes have been pii 
with vineyards for tlie last two hundred years. 

On the eastern and northern ehores of the Baltic thep 
Ifirge areas of sand ; and so, too, there are along the ^on 
the Xorth Sea, in a nearly continuous line, as far as the i 
of Dover, The dunes on these coasts rarely rise to a 
height above the sea; 100 feet is quite an exceptional 
vation ; tlie more common height is about 40 or 50 
What is wanting in elevation is more than atoned for in bre 
Denmark, Schleswig, and Holstein contain together aboui 
square nailes of dune-sand, which sometimes extends npi 
of six miles from the coast.* There are patches of sand ii 
Baa Boulonnais ; but further south, to beyond the moii 
the Somme, the area of sand is extensive. Here, tO 
travelling south, we first meet with high dunes. 
Neufchatel (about six miles south of Boulogne) the dune 
nearly two miles wide, and attain a height of over 400 
possibly the sand has here accumulated over pre-exigting 
of chalk. 

Equal in iuterest to any, and second in importance tO' 
are the dunes of Gascony — known as " Lea Landea." 1 
extend from the mouth of the Gironde to that of the Ad( 
disttmce of nearly 150 miles ; in Bome places they are rix : 
■wide, and rise to heights of over 300 feet. Until planted 
fir-trees {Pinus maritvma), about the beginning of tliis 
tury, the sand was in constant motion ; steadily advancin 
the laud, covering fields and villages on its way. The n 
of the Adour has undergone some changes in consequen 
the shifting sands. Originally, as now, the river enterei 
sea at Bayonne ; but in the sixteentli century the sands div 
its mouth to about twenty miles further north, at Vieui Bo 
It is said that the inhabitants of Bayonne made a pe 
through the sand, thus restoring the river to its former c 
and their city to its old importance. 

It is doubtful to what extent, if any, these and similar i 
were originally wooded. It has been supposed that durin 
times of the old forest growth they were covered with 
which have been mainly destroyed by man. But if this 
BO, we shotdd expect to find some traces of the old t 
hroiight to light, during the more modem ahiftings of the t 

* For this alateincnt, na well as fur much of the infarmaljon which Ii 
a indebted to tha valuable vioik of Sir. Q. P. Uarsh, "Itis Ea 
modified by numan Action " (a New Edition of " iita and Natioe "J| 
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But however lliis may be, it is certain that until within the 
lut siity years, and for centuries before that, the Laudes have 
been nothing but waste blowing sand, a terror to the eulttvatois 
nf the fertile soil on their eastern side. When the Sloors were 
liilly driven from Spain, they asked permission to bve ia this 
' -rt, which they would reclaim : this request was refused. 
'"-iibly we may form some idea of the material loss which 
1 Vinue inflicted on hereelf in thus rejecting wbuL fjpain had 
I '1 the wisdom to keep ; but no one can estimate the intel- 
' itual loss which Europe has sustained in the forced extinction 
il^^bian science. 

There is much gand along the south-west and south shores of 
I'ie MediUrrranean 8ea. The dunes only fringe the seaward 
li^K of the plains of Sharon and Philistria, spreading over a 
■■"tnewhat wider space near Joppa; but they become of much 
^T'^ater importance farther south, and they form a broad zone 
"niilis, sometimes ten miles wide, along the northern margin of 
ihp delta of the Nile. Much of the coast of Barbary is bordered 
I y sand-hills ; in some places these are backed by fertile plains, 
I'Ut elsewhere they blend with that vast inland «a of sand, the 
Kivat Sahara. 

An enormous arid area extends from the West Coast of Africa, 
'icroag the Sahara, the Libyan Dcfi^ert, the Peninsula of Sinai, 
'be Syrian Desert, the Tidleys of the Euphrates and Tigris, 
through Persia, and far iDto Central Asia, Throughout this 
vast expanse of country there is an exceedingly small rain&ll, 
*o small that in some physical maps it is coloured as a " rain- 
ier district," and such in some parts it probably is. There ia 
Becessarily little or no vegetation to cover the rock and preserve 
the BoiL There is a large proportion of sandstone strata 
(ofdififerent geological ages) along this line, which, yielding 
to the powerfiU influence of a tropical heat,* and to atmo- 
spherical agencies, produce a large <iuantity of louse i<and. If 
there were suflncient rainfall to fei-d pcnnaDent streams, the 
dSiris of the rocks would l>e gradually carried away; but this 
not being the case, the sand remains, and becomes the sport of 
■every gust of wind- 
There can be little doubt that this is the origin of much of 
the sand of the desert ; not, perhaps, of all. There is 
abundant evidence that the .Sahara has been covered by the sea 
at quite a recent geological date, and large quantities of the 
sand which covers it may date from that period. Some, too, 
has been derive«l from the present sea-bed ; first as coast-dunes, 
afterwards Iteing drifted inland. 

P Although from 15* to 30° north of the equator, Kubia, with the desert 1 
B west, ud Central Aralna, form the hoitsBl diatricl in the world. 
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The phenomena presented hy coast-dimes are repeated by the 
Band-hills of the desert. They are steepest 3n the side which 
faces the wind, and tlie sand often blows into curious erat«r- 
like forme, somewhat resemijling volcanic cones, one side of 
which has been blown away. The crater-like shaped hills would 
appear to be more perfectly formed in inland deserts than on 
coast-dtmea. 

Although the surface of sand-hills and sand-deaerta ia bo bar* 
and arid, water may frequently be fomid at no great depth. In 
coastMiuiies the sand is generally quite moist, just below the 
sm-face. Where the shape of the dimes is constantly changing, 
fireeh sand being blown up from the shore, the water is oi^en 
brackish, but in fixed dunea the water is generally quite frc«b. 
If the sand cover any wide area, and especially if it be under- 
lain by an impervious bed, such water may often be got in ' ' 
quantity. All this may be easily explained by the rain &llii)}; 
on the sand and being here retained, partly between the gi 
of sand, and partly held up by the underlying clay. 

But it is not so easy to understand bow large quantities of 
water are stored beneath the sands of the Sahara, nor the 
source from whence the water is derived. The Moors Uave for 
long ages been aware of the existence of this store of watar, 
and they have dug wells through the sand to reach it. Tbt 
water occurs at various depths, but it generally rises to the 
Burtace when the water-bearing bed is reached. The French 
engineers have made a great nimiber of bore-boles in various 
parts of the desert. The quantity of water thus obtained is 
often very great. One bore-hole yielded nearly 1,500,000 
gallons per day ; the water of this was employed to turn a 
water-mill. .Small tisli are sometimes thrown iip with tie 
■water of these wells and bore-boles. The same fish occur ii 
Burface pools of water ; it seems therefore probable that there 
may be some communication between the pools and the watet- 
bearing stratum.* 

Partly from a want of vegetation, and partly from its greater 
dryness, the sand of inland deserts is more easily moved by Ihfl 
■wind than is the sand of the coast. In the deserts of Peru tl " 
crescent-shaped hillocks of sand are called Medanos, Th^ a 
"from ten to twenty feet high, and have an acute crest. Th( 
inner side Is perpendicular, and the outer or bow side forms w 
angle with a steep inclination downwaids. When driven \f 
violent winds the medanos pass rapidly over the plains. Tb 

* FtoreMor Enmeoj suggests tbia in a tiotti to his tranelntion nf Fraffl 
Depor'a Memoir on the Safiora, "Qeologicnl Mngszice," vol. L p. S)^J 
furtlier details nn tbia moat intoieaUag region, aee Rei-. IL B. ^B^H 
" Gretit ^alioxa," 18G0. ^H 
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smaller and lighter onea move quickly forward, before the 
larger ; hut the latter soon overtake and crush them, whilst 
they are themselves shivered liy the collision. These medanos 
osjume all sorts of extraordinary figures, and sometimes move 
along the plain in rows forming most intricate labyrinths."*' 

Even more remarkable than the medanos are thoso tall ' 
revolving columns of sand which arc sometimes seen in the 
deserts of Africa and Australia. The sand is taken up by the 
whirling wind, and is carried along like a waterapout. Several 
such columns are often seen at the same time ; they travel at a 
great speed, the lower ends touching the groiind. Sometimes 
obscuring the sun, sometimes glovving in itw rays, they seem to . 
be veritable pillars of cloud and fire. It was a sand-storm with 
columns of sand such as these which played terrible havoc with 
tbe army of Cambyses in the Libyan desert. 

Baddeley, in describing the dust whirlwinds of northern 
India, says :— " A broad wall of dust is observed advancing 
rapidly, apparently composed of a niimber of large vertical 
columns, each preserving its respective position in the moving 
mass, and each column having a whirling motion of its own." 

The continuous action of blowing sand wears the rocks in a 
peculiar manner. 5Ir. Bauerman thus describes the sands of 
part of Arabia Petrosa : — " Sand-scored stones are abundant 

everywhere As a rnle, the hardest rocks are the best 

polished — this being more especially the case with quartz, 
ja.^r, camelian, and similar siliceous substances ; while the 
Umestones, in addition to being polished, are furrowed and 
scored in every direction, and their surfaces studded with num- 
berless small reticulating grooves, resembling Die hill-shading 
on a topographical map." 

A similar polishing action is apparent on the harder rocks of 
our o\vn coast«, where these rocks are exposed to the wear of 
t^nd. Professor Ramsay has suggested that the mushroom- 
shaped and undercut rocks, which are so characteristic of many 
sandstone areas, may have been worn into their present shape 
by the action of wind, l)lowing the loose sand against the under 
surfaces of the rocks. No one who has visited such rocks 
during high winds will doubt that the wind and sand are 
capable of so cutting out rocks. 

The erosive action of sand, when let fall in a continuous 
stream, or propelled by means of a blast, has been turned to 
accmmt during the last few years in etching or deeply graving 
glass and metal ; the effect is singularly sharp and beautifid, 

■ Tacbudi'a "Trarela in Peru," cli. ii. (quoted by Marsli, p. 009). The 
inaeT tide of the hillock can only be '* perpendicular " whoa the medaops nra 
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All who have passed much time on sandy 8hores, or among 
sand-dmies, must have remarked the peculiar whistling sound 
produced by the friction of the particles of sand against each 
other. Similar sounds, but far louder, are produced when dry 
sand runs down a slope. Captain H. S. Palmer has described 
such sounds as heard at Jebul Ndgus, near Mount Sinai. 
Coarse sand, derived from the waste of the sandstone hills, is 
carried by high winds up the slope of the hill ; here it lies at 
the angle of rest (30°), and the slightest cause is sufficient to 
set it in motion. Sometimes the sound is as soft and low as 
the hum of a humming-top ; sometimes it almost approaches 
the roar of thunder. 
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F ancient times men noted especially tlie injuries done to their 
property by their larger and more powerful enemies. It was 
Ihe hoar that came out of the wood to lay waste the vineyard, 
ind the wild beasts of the field that mined the hopes of the 
husbandman. At the present day, in all civilised commimities, 
the Qiimlier of snch destroyers is greatly limited; but on the 
"tli« hand we are compelled to recognise a multitude of minute 
njcmies, which make up for their smallness by their great 
iiiindance, and perhaps are all the more mischievous by reason 
fiheir individual insignificance. Among the foes of the agri- 
LulUirist which have come into notice of late yeara, the insect 
ftbicL has been called tlie "Colorado Potato-bug," has not only 
nltraeted a good deal of attention in America, where it has 
inflicted serious injury on the potato crops, but has also raised 
mnsiderable apprehensions on this aide of the Atlantic ; circum- 
ttances which may justify us in giving some account of its 
iippearance and natural history. 

This beetle was discovered by Messrs, Say and Nuttall 
daring an early American exploring espcditi on in what was then 
taoini as the " Far West," on the banks of the Upper Missouri, 
towards the foot of the Rocky Mountains. It was described by 
Jwy in the third volume of tlie "Proceedings " of the Academy of 
Natural Sciences of Philadelphia, published in 1824, under the 
name of Do}-ypJiora lO-lineata. For many years afterwards 
nothing was known of it except that such a beetle did exist, its 
true home being among the Rocky Mountains, where it feeds 
upon a wild solanaceous plant {Solanuvi rostratum, Dunal) 
peculiar to that region. But during all this time the advance 
of a civilised population was going on with astonishing rapidity 
in the dirijction of the Rocky Mountains, converting the vast 
re^on west of the Mississippi — which in 1824 was still a wilder- 
ness inhabited only by Indians and hunters — into a more or lesft 
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settled and cultivated tract, and the settlement of the territoi 
of Nebraska carried cultivation, and with it the potato, into til 
district inhabited by the Doryphora. The insect was not Ion 
in taking advantage of the abnndant supply of suitable foo 
thus offered to it. In fact, Tre may with some justice asi<ume tin 
it found in the cultivated potato a nourishment better adapts 
to its wants than that furnished by the native plant on whit 
it liad previously fed ; for it seems to have set out almost irami 
diately in the direction of the more highly cultivated district 
and spread eastward with great rapidity. 

In the year 1 859 it was still far west, being then at a distani 
nf 100 miles west of Onaha city, in Nebraska ; but witMn tn 
years (in 1861) it reached the state of Iowa, over which ; 
spread completely in about three years, and ia 1864 and 186 
*lid great mischief to the crops. During these years the beetit 
were also very destructive in the state of Missouri, and in 185 
and 1865 they crossed the Mississippi and invaded lUinois ii 
great force, causing much injury to the potatoes in the norUi 
western part of that State. A branch migration northwaid 
commenced in 1862, when the beetle made a settlement ii 
the south-west corner of Wisconsin ; by 1 866 it had Bpread ovd 
the whole State. During the nest two years it completed it 
occupation of Dlinoia, and in 1867 passed thence into Indlaoi 
and the south-west angle of Michigan, where it was very alwB' 
dant in 1868. In this year its presence was noted in Pennsj"! 
vania, but it was not until 1871 that the Quaker State im 
fairly invaded by the western beetle. In this year the heetla 
swarmed about Detroit, at the south-eastern angle of Wisco* 
sin, and great numbers of them are said to have been parriw 
down with floating rubbish and on board ship into Lake Erict 
to be wafted along that sheet of water and lauded on the Can* 
ilian shores, and on the shores of New York and I'enusylvaoi 
at the opposite end of the lake. In 1871 also it was reporW 
as doing mischief to the potatoes in Ohio; and in 187.1 it llM 
crossed Pennsylvania and reached the district of Columbia, nW 
Washington, and almost to the shores of the Atlantic n* 
Baltimore. In the meantime the northern migration htf 
carried the pest through Wisconsin into ?kIinnesoUi and Dakoti 
and through ilicbigan into Canada, where it made its appear- 
ance in 1870. Its transportation into Canada was in p)>rt 
effected by means of the shipping on the lakes. In the !»"''' 
jlIso Kentucky and western Virginia were invaded in 1871 an"! 
1873. 

In the year 1868, when the western potato-beetlu luwJ 
reached the centre of Indiana, Mr. E. D. Wijsli estimated ii» 
rate of its advance at about 60 miles a year, and upon thii 
foundation predicted that it would reach tlie Atlantic coul 



Bkbaot 1878. The insect has contrived by some means conai- 
■denbly to outstrip the prediction, and between 1871 and 1873, 
l-it any rate, it must bave paased over nearly 300 miles of 
I coimtxy. This astonishing rate of progress can hardly be due 

■ la the insect's own exertions, and it seems probable that the 
m npidity with which it appears to be spreading in the densely 
R {Kipiilated eastern States must be owing to the increased traffic 
I in these districts offering additional facilities of artificial 
I tiusport. 

I A striking point in the history of this unwelcome occupation 
I of the cultivated low grounds of North America by a mountain 
I lieetle is that it has taken almost a direct easterly route across 
t!if ronlinent, and that its advance lias been at all times more 
:..|.il io the northern than in the southern districts. The 
1 Aiiii rican entomologists who have written most fully upon this 

■ beetle, Messrs. Walsh and Riley, remark especially upon this 

■ point ; and the former compares the advance of the insects 
B through Illinois to that of General Sherman's army in the late 
I Wit, and says that " the southern columns of the grand army 
I lig {&r behind the northern columns." 

I According to Mr. Riley this peculiarity is to be accounted for 

■ by the supposition that the western potato-bug being essentially 
I u Alpine species, thrives best and therefore spreads most 
I rapidly in the cooler northern regions, and this view is borne 
I out by the fact that even in the north a very hot summer 
I dettroys the insect. 

I Of the actual extent of damage done to the potato crops in 
I tie districts which have been visited by these destructive in- 
I Hcto we have no precise information, the only approach to an 
I atimate being that of Mr. Walsh, who stated the probable loss 
I by this cause in a small district at about 1,750,000 dollars. 
From the nature of the case, it is perhaps almost impossible to 
urive at any exact computation. Nevertheless, the statistics 
pablished aimually by the United States Department of Agri- 
culture seem to indicate a falling oET in the potato crops, which 
may be due to the ravages of the Don/phora. Thus, the total 
production of potatoes in all parts of the United States was as 
liidlows: — 

Bnilials. AcTtM. Avnaga per Acre. 

In 18fVa ........106,010,000 from 1,131,562 94 Buahela. 

In 1800 133,880,000 „ 1^22250 lOSJ „ 

Id 1870 114,775,000 „ 1,325,119 86 „ 

In 1872 113,516,000 „ 1,331,331 86 „ 

The year 1869 seems to have been an exceptionally favour- 
able one for the growth of potatoes in all parts of the Union. 
Indeed, in Michigan, which had already been invaded by the 
L Colorado beetle, the yield reached the enormous average of 155 
I TOL. XIY. — so. LT. L 
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busheU por acre. But when we examine the production 
the individual States, taking aome in which the Weat«rD potito* 
beetle had mada its appearance in force in the above yean, ud 
others which had either remained nninvaded or been ooiy 
partially attacked at the same time, we get the following B8 ' 
average produce per acre in bushels : — 
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In general terms, we may say that the felling off is greater 
in those States which the beetle had fully occupied ; but it is 
evident that other causes of fluctuation must be at work to ^n 
rise to the variation in the amount of produce. Still, althoogb 
the mischief done by the beetle may have been exaggerated, ft 
is certain, from all accounts, that it ia by no means incoosidei^ 
able, and the recovery of the crops in some of the States whicb 
suffered most from the early visitation of the insect is direct^ 
ascribed by the Government statistician to the vigorous wsrfiic 
which has been waged against it by the farmers. 

The beetle which has inflicted so much damage, and cnweA 
BO much alann in the United States, that the prospect of it* 
succeeding in crossing the Atlantic has raised almost a panic ill 
some European countries, is by no means a formidable anifflil 
to look upon. It is a beetle of the tribe of Phytophaga, of 
plant-eaters, and of the family Chrysomelidfo, all the meml>at 
of which are of small or moderate size, of a rounded, ovat«, « 
oblong convex form, with the head short and deeply sunk in the 
next segment (prothorax), the antennae generally thrpad- 
like or beaded, and only of moderate lengtb, and the uol 
(feet) with only four apparent joints. The insect, as alnadf 
stated, was described in 1824 by Thomas Say as belonging tB 
the genus i?o/^Aor(t ("spear-bearer"), in which the mem-mB 
metastema are produced forward into a spine ; this ia the c 
of the name of tlie " ten-lined spearman " given to the insKr 
by Mr. B. D. Walsh, The genus Dori/pliora has been com 
ably subdivided by recent authors, and by some entomologiitt 
the species under notice Is referred either to the genus Pw?" 
gra/mma of Chevrolat or to LeptinotaT>i<i of StSl, in which thfl 
sternum is unarmed (fig. 4) ; but it will be auificient for (mr 
present purpose to speak of it imder the old name of Dorypham 
decenv-imeata. 



Tnz COLORADO ^6TAT0-BkEn.B. 




The perfect beetle (fig. 3) measures from two-fifths to half an 
inch in length, of an oblong-Kivate form, aud o£- a taway or 
T^owish-cream colour, adorned with numerous black spots and 
stripes. Of the former, a very peculiar group, consisting gene- 
rally of eighteen, occupies the upper siu^ace of the prothorar, 
or segment immediately behind the head. These consist of 
t»a elongated spots or short lines in the middle of the surface, 
a row of four small spots along the hinder margin, and usually 
sij simiUr points on each side of the two middle ones. On the 
■wing-cases (elytra) we see ten black stripes, five on each— • 
Bamely, one close to the line of junction of the two wing-cases, 
and one close to the outer margin, both of which stop rather tar 
ftom the apes of the wing-ease, and three between these, 
reaching nearly to the tip. Tlie edges of all these black stripes 
ate irr^jularly punctured, the punctures being partly on the 
stripes and partly on the intervening pale sur&ce, and the 
aeeond and third stripes from the suture are in contact with 
etch other at the base and apex (see fig. 5). The legs have the 
koea and the feet (tarsi) black. Beneath the elytra the insect 
i» furnished with ample membranous wings, which it uses freely, 
mk! they are described by American entomologists as of a fine 
rose^M>iour, and as giving the beetles a very beautiful appear- 
»itce when flying in the sun. 

The species appears to be pretty generally diffused in the 
Bocky Mountains, from the eastern slope of which it has in- 
vaded the cultivated regions by the course already described. 
Although found in the Colorado territory, it is by no means 
peculiar to that district, and the name of " Colorado potato- 
bug" commonly given to it does not indicate the locality from 
which it set out on its eastward journey. 

Although several American entomologists of repute (such as 
Ifesars. Walsh, Riley, and Shimer) have devoted considerable 
attention to the habits of the Colorado potato-beetle, its history, 
at least in one important point, has not been very satisfactorily 
worked o\it. There appear to be three generations of the beetles 
in the year. In the spring, when the potato-plants are quite 
yonng, the perfect insects produced from the last generation of 
the previous year lay their eggs upon the under surface of 
the leaves in small patches of from twenty to thirty together 
(fig. !,«)- The number of eggs produced by each female is 
aid by some writers to be from 700 to 1,*200, but this is 
probably an exaggeration. The eggs are of a yellowish colour. 
They hatch in about six days. The larvje (fig. 1, b, c, d), 
which are at first of a reddish colour, grow rapidly, and be- 
come lighter in tint (of a more or less reddish cream-colour, 
or orange); they are full-grown in from seventeen to twenty 
days. In the mature state (fig. 1, d) the lar\'a is a thick fieshy 



148 



TOPtlAB BCIEKCB BSTIBW. 



grub, about half an inch long, hiiving tbe bead and the anUri 
segments narrow, the firet three segments of the body fumj^ 
with jointed legs, and tbe extremity of the abdomen with 
ehort process (anal proleg), irhich serves the animal as 
tional limb in adhering to tbe plants on which it feed». T 
head, the binder margin of tbe first body-segment (protbon 
and the legs are black, and two rows of black tipots are to 
seen along each aide of tbe body. 

In many, if not in most of the insects belonging to tl 
family Cbrysomelidai, the anal proleg of the lan-a serv 
another purpose besides that of assisting its progreesiou ; it pc 
duces a viscid secretion, by which tbe larva fixes its tul to tl 
surface of a leaf or otber object before passing into the quit 
cent pupa state. There has been some discussion anuH 
American entomologists as to whether the West«m potat 
beetle ever employs its proleg in this manner, and tbe questio 
does not seem to be quite satisfactorily settled ; but Me«s 
Eiley and Sbimer — the former of whom claims to be tbe * 
who ascertained the history of the insect through all its cl 
— maintain that it never undergoes its pupal transformatv 
attached to the plant on whicli it has been feeding, bub alia] 
descends to the earth, and under its protection sleeps out U 
pupa stage. In this state (fig. 2) the insect is a small OTi 
body, roughly showing at its surface the forms of tbe varioi 
organs of tbe perfect beetle (head, legs, elytra, &c.), folded tl 
gether and confined by a skin, wbicb will be thrown off when 
emerges as a beetle. Tbe insects of tbe first and second ' 
of each year remain in this condition ten or twelve days, id 
they issue forth as perfect beetles, and tbe females quickly p 
ceed to lay their ^gs upon the potato-plants. How long ' 
pupae of the third or last brood continue without lurtbei 
velopment does not appear to be very clearly known ; but 
recent observers agree that the perfect insects are produet 
before or during tbe winter, and that they remain undergrot 
until tbe spring. It seems to be certain that the beetles ; 
found fully developed in tbe ground during the winter, althong 
their descending to a depth of eight or ten feet, as stated ' 
Mr. Eiley, seems quite incredible, considering the form t 
structure of the insect. The same writer, however, naya ti< 
they seldom go down below eighteen or twenty inches ; probaiU 
tbey generally remain within the portion of ground which hi 
been broken up in digging tbe potatoes, as this would futsil 
them with ample protection against the direct influence of ooll 
and the beetles would have no difficulty in making their 
between the clods to a suitable shelter. 

A curious quality has been ascribed to tbe Colorado potab 
beetle, and, according to Mr. Uiley, upon authentic evidence * 
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WB6 cases. They and their larvES are said to possess poisonous 
^rnpertiea which have been known to affect people handling 
Ihem, and to produce serious illness in those who have inhaled 
the vapours given off during the operation of scalding large 
(juantities of the larvte, or burning potato-haulms infested by 
them. Even the birds and domestic poultry were said at first 
to refuse to eat them ; and in one Report we are told that the 
prairie hens alone would touch them, but that the flesh of the 
Krds was rendered so unwholesome by this diet that it could no 
longer be eaten with impunity. We may suspect some exagge- 
ration in these statements, especially as we find at a later period 
of the visitation that several farmers found their fowls feed 
freely upon the larvas, and even recommended the cooping of 
chickens in the potato-fields as a means of checking the pest. 
Other birds also have probably accustomed themselves by this 
time to the taste of this novel food ; at least, it has been ob- 
lerred in some parts of Iowa that the rose-breasted grosbeak 
[Guiraai ludoviciana) feeds freely upon the larvte, and 
»Ithough this bird was formerly rather rare, it has now become 
plentiful in the district. 

But if the birds have been inclined to fight shy of the 
western beetle, it has met with an abimdance of insect foes in 
Ihe course of its invasion. Among those which have rendered 
themselves prominent in this warfare, several species of lady- 
birds devour the eggs of the beetle ; a tiger-beetle (Tetracha 
'"■'fiiiica), and several Carabid^, eat the larvte ; a wasp {Polisleit 
mhiffinosua) carries them off to its nest to furnish provisions 
lur its young; an Asilide fly (PnmiacAits Baatardii), and 
feveral species of true hiigs (Rhynckota), especially a Har- 
pactor and an Arma, pierce the larvie with their beaks and 
"Uck out the juices; whilst a Tachinide fly {LydeUa Dory- 
pAiW«, Riley) attacks them by the insidious method of parasit- 
imi, depositing an egg upon the surface of the lurva?, f^enerally 
Sear the head, the young parasite produced from which 
burrows into the lx>dy of the victim and feeds upon its aub- 
"tance, not destroying it, however, until after it has descended 
to the groimd when full grown. A long-legged spider or 
tanest-man {Phalangium doraatuTn) is also described ae 
Ceding upon the larvst in some districts; and the beetle has 
been found infested with adhering mites like those so con- 
ttaotly seen on our common dung-beetles {Geotrupee ). 

From the published Reports it would seem that these insect 
enemies of the potato-beetle being mostly natives of the soil, 
have exerted their powers of destruction so vigorously against 
the western invaders as to have greatly checked their multipli- 
cation, the numbers of the carnivorous species having increased 
with a rapidity proportionate to the abundance of nourishment 
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offered to them. In the long run probahly a balance vould be 
arrived at between the contending forces, but in the meantime 
the ctops would be seriously affected, and the country would stilt 
always be liable (like our bop-gardens) to tlie occa^iooal eita- 
give multiplication of the destructive insects. Indeed witi 
every confidence in the ultimate establishment of a balance of 
power between the western beetle and its enemies, the Earmer 
could hardly be expected to look on with equanimity white Hi 
potato-fields were being ravaged ; and it is not surprinng to 
find that the most various methods — some most absurd, otben 
more or less judicious — of getting rid of the pest, should have 
been adopted. Of actual remedies — that is to say, meam of 
destroying the insect after it has taken possession of the potato* 
plants— the best seem to be the use of sweeping and beatjng 
nets, or substitutes for the latter, into which the insects «re 
beaten by some implement, such as a flat broom, and the dust- 
ing of the plants with a poisonous powder composed of Paris at 
Scheele'a green (arsenite of copper), mixed with from twelve to 
fifteen times its weight of fiour or plaster of Paris. It is found 
that the use of this poison does not render the potatoes prft- 
duced by the plants treated with it unlit for food, but it Beam 
still to he doubtful whether the potatoes grown afterwards b 
soil upon which it has been employed are not injured in their 
quality, and Mr. Riley strongly recommends that it should be 
used as sparingly aa possible. In his opinion, the most valuaUA 
remedial measures consist in the adoption of certain precautious 
in the selection of sorts for planting, and especially in tb« 
exercise of great vigilance in the spring of the year, placiu 
in the newly-planted fields small heaps of potatoes to wbion 
the beetles are attracted on emerging from the ground, sod 
from which they may easily be gathered every moniing, and 
destj-oying as many as possible of the eggs and young larva; of 
the first brood. By these means it would appear that H* 
increase of this new scourge of the potato may at least be 
considerably checked. 

At the same time there ia one circumstance in the history of 
the insect which will probably stand in the way of its li«og 
effectually controlled. In their progress through a civiliMd 
country the beetles have cast off the simpHcity of their westoffl 
ancestors, and having once changed their food-plant, harenoW 
tried many other articles of diet, and found some of them hi^ 
congenial to their taste. Besides various Solanaces groffiOf 
wild, they have been observed feeding on species of EchsM 
vpermum, Amarantkust HeUantkua, Cirmim, Sw^miniH* 
Polygonum, Clieiwpodium-, Eupatorium, and Hyowya/lMli 
and on grass, oats, the red currant, and even tbe cabbage. C 
plasticity of appetite, if it may he so termed, aoquired ^ 
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insect which, in its original home, seems to confine itself 
strictly to one species of plant, is a fact of considerahle zoolo- J 
gical interest. 

But this is not the only curious point in the natiual history 
of the Colorado potato-beetle. It undoubtedly started on ita 
eastward migration from the lower parts of the eastern side of 
the Rocky Mountain range, and probably tlie direction of its 
movemeut has been governed to a certain extent by that of the 
prevalent winds. But it is singular not only that the Dory- 
phortt is unknown as a potato-eater west of the Hoeky Moun- 
tains, but that according to the testimony of the inhabitants of 
the Colorado territory and other elevated parts of the range, 
the beetle is there perfectly true to its original food-plant 
{Solamtjn ro8tr(ituvi), even in localities where potatoes are 
cultivated. And this fact becomes still more remarkable when 
we learn that the older States, especially towards the south, are 
inhabited by a species of Dorypkora, very nearly allied to the 
potato-beetle, whicli feeds upon the so-called horse-nettle 
{Solanum cavolinenae), and has never yet been known to 
attack the cultivated potato, although grown in its neighbour- 
hood for many years. This beetle, which has received from 
Bome American writers the euphonious name of the " Bogus 
Colorado Potato-bug," from its having been frequently mistaken 
for the true malefactor, is the Doryphtirajuncfa of Germar. It 
agrees closely with the Don/p/iora 1 0-lineata in size, form, and 
general character, having the same number of black spots simi- 
larly arranged upon the protborax and the same number of 
black stripes upon the wing-cases ; but it may easily be distin- 
guished on close examination by its having the black stripes of 
the elytra margined by an impressed line (stria) containing a 
fflngle row of punctiu-es {fig. 6); by the third and fourth 
stripes, counting from the sutiu'e, being united at base and 
apex ; and by the legs being entirely pale, except a small black 
spot on the middle of each thigh in front. The larva also, 
although very similar to that of the potato-beetle in form, is of 
a light«r colour, has the whole of the first body-segment (pro- 
thorax) black, and only a single row of black spots along each 
eide of the body. The presence of these two beetles side by i 
ude in the United States, their close agreement in external 
characters, and their difference in habits, may be expected to , 
open a wide field of investigation in connexion with the ques- 
tion of the origin of species. We may obtain some valuable 
data if American entomologists will carefully collect every year 
specimens of Dorypkora \0-lineata from various localities, so 
as to compare them, after some time has elapsed, with speci- 
mens of the same species from its original mountain home. 

There is one other matter in connexion with this new foe to J 



152 



roPCXATt SCTSSCK 1 



tbe potato whicli must be alluded to Iicre ; namely, the 
of its being introduced into Europe. Considering the 
that the gradual advance of the potato-beetle has prodTiced in 
America, it is not surprising that some apprehension should ha 
felt on the subject on this side of tbe Atlantic, or that tha 
authorities of some Continental States, to which the importation 
of American potatoes is of far less consequence than it is to us, 
should be det»ating the propriety of prohibiting all such im- 
portations. But if we consider the natural history of the 
beetle, as already described, it will be seen tliat there is litllt 
cauEe for apprehension upon this score. At the time 
digging the main crop of potatoes, the insects will certainly hi 
in the ground, probably in the pupa state, and if so a littl* 
care in washing them clean from all adherent soil before ship 
ment will suflnce to remove any pupte which may by chance b 
entangled in the earth. The perfect beetles will l>e still lea 
likely to be transported with the potatoes. 

The real danger for Europe, as Mr. Riley has pointed oul 
consists in the possibility of perfect beetles, especially fecu& 
dated females, finding their way on board ships or steam* 
bound across the Atlantic; and the experience of the tiane 
portation of the beetles by means of trading- vessels across thi 
lakes tirom Michigan into Canada and the eastern Statesi, show 
that there is at least a possibility of their being introduci 
into Europe by similar means. This is a possibility again 
which no cuatom-house regulations, and indeed no official vigi- 
lance of any kind, can guard, and the only precaution that 
can take is that recommended by the excellent American ento 
mologist just cited ; namely, the circulation among Beafarioj 
men and the inhabitants of our western shores, and the postinj 
up in the cabins of sailing-vessels and steam-boats, of correc 
descriptions and coloured figures of the beetle, with the reques 
that anyone seeing such a creature on board ship or elsewhei 
should immediately destroy it. Considering the magnitude o 
the interests involved in this matter, although perhaps thei 
may be no great cause of alarm, it is not too much to expec 
that the Government f^hould co-operate with the varioris agri 
cultural societies in spreading trustworthy information abou 
the western potato-beetle throrighout the coimtry, and also ta' 
steps to carry out the suggestion of furnishing ships trading 
America with conspicuotis notices of the kind alluded to aboi 
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DESCRIPTION OF PLATE CXXL 

Fie. 1. Portion of a Potato-plant, widi the Colondo Potato-beetle 

(Doryphora 10-lMMto) in tlie egg («>• larra (b, e, d)^ and 

imago («). 
Fie. 2. Pupa, of the natoial aize. 
Fie. 3. Imago, of the natoral size. 
Fie. 4. Undeiride of the imago. 
Fie. 5. Left wing-case, enUiged, showing the aiiangement of the hhuck 

lines ; a, onter margin. 
Fie. 6. Left wing-case of Dorypkoru jumda^ enlarged, showing the 

arrangement of the black lines ; a, oater margin. 



THE ARCTIC EXPEDITION: ITS SCIENTIFIC ALMS.^ 
, Br ROBERT BROWN, M^., Tm-D., F.L.S., F.R.G.S., ^ 



BEFORE the nest part of this review is in th 
readers an English expedition — the object of which is to 
explore the wide unknown region surrounding the North Pole — 
will be well on its way to the scene of its laltours for the next 
two years. An event ho remarkable in the annals of science 
cannot be allowed to pass unnoted. For months past almoBt 
every journal In the kingdom has had something to say on the 
subject ; for years to come we shall hear talk interminable, or 
may read print of which there is no end on this fruitful subjecU 
Judging from the past we may expect tliese articles to be 
plentifully distinguished for thewantof knowledge, more especi- 
ally of what are the scientific aims and objects of the expedition. 
A few pages may be therefore profitably devoted to this qu^ticHi. 
Thanks to the unwearying efforts of Sheraid Oabom and 
Clements Maxkbam, backed by the Arctic Committees of the 
Royal and Geographical Societies, and their refusal to accept 
denial — se(?MH( isternumque sediAunt — in s few weeks tha 
ehipg and the men will be ready. The AleH and Discovery 
now fitting out at Portsmouth with every appliance which 
experience and ingenuity can suggest as best fitted for serving 
the purposes for which they are intended. Twenty-three 
officers have been selected from the overwhelming number of 
volimteers who offered themselves. The head of the whole ex- 
pedition will be Captain Nares, of CfiaUengei- fame. Commandei 
Albert H. IMarkhom, wl]o has shown that his skill as a naval 
commander in many seas is almost equalled by his literary 
power in describing his voyages, is second in command; while 
Captain Stephenson, lat« of the Royal Yacht, will liave the 
command of the second ship. Under these officers will 
about 120 seamen. In addition there will be six ice-maet«r 
experienced whalemen — who will advise the officers on qQes.tioil8 
connected with ice navigation, and two civilian naturaliste. It 
is to be hoped that one of these is a geologist ; for, ns we ^uUj 
see presently, the geological questions to be sol' 
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important of all those which await the labours of these 
gentiemen. Altogether he would be a carping critic who 
would cavil at the arrangements of this expedition, or 
its personnel. By the end of May it is believed that it will 
be ready to sail. In a fortnight or so after it will be sighting 
the coast of Greenland. It will now enter Davis' Strait, and 
after touching one or two of the little Danish posts on that 
dreary coast, it will sail into BaflSn'a Bay, and then into Smith's 
Sound, tlie " threshold of the unknown region." The explora- 
tion of this Sound baa been advanced by the expeditions of 
Kane, Hayes, and Hall ; and the chief aim of this expedition, 
geographically, will be to reach and explore a latitude beyond 
that attained by the last-named and ill-fated commander. How 
this is best to be accomplished may be safely left to the judgment 
of Captain Narea himself. Speaking broadly, the plan at pre- 
sent proposed is for the two ships to push north up Smith's 
Sonnd, or its continuation, to a point as far as the season, or the 
ice, will permit. One of the ships will remain in this locality, 
while the other will push still further on if possible, and 
explore, by boats or sledges, as circumstances may show to be 
best, the sea and lands lying beyond. In case of disaster the 
depot vessel will afford the adventurers a home to fall back upon. 
It is, however, unnecessary to say that the details of such plans 
must be altered indefinitely, and that it would be most unwise to 
strangle the skill of a commander, who has already shown him- 
self so worthy of trust, by the bonds of red tape, which cut-and- 
dry " instructions " would assuredly be. 

What, then, are the objects of this expedition ? In the first 
place, it is the only expedition— since the unfortunate one of Sir 
John Franklin in the ErpJjvn and Terror — which the English 
Governmeut hasdespat^hed to the Arctic aeaafor exploration alone. 
Since 1845 numerous ships flying the pennant have been within 
the Arctic circle, and have greatly enlarged our knowledge of the 
circumpolar regions. But they were in search of the expedition 
of Franklin ; discovery was not one of their objects ; and though 
tfaey might have incidentally advanced science, provision was 
not made for research ; and, indeed, so long as the mission 
they were seat on was unfidfilled, no man dared to think of 
science or of geographical exploration, brilliant though some of 
the discoveries made, no doubt, were. Need I remind the 
reader that on one of these expeditions the North-west Passage 
was discovered ? 

But the adventurers in the Alert and Discovery will have no 
thought to divert their minds from exploration in the widest sense 
of the term. Every provision has been made for it consistent 
with that economy of space which the storage of such a large 
quantity of fuel and provisions demand. Unlike the case of the 
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Ckallenff^r, there are no posts to visit, where stores can be taken 
or surplus baggage left. All must be at once taken from EnglBiid ; 
on this they will have to draw for the whole term of the expedition. 
The land and seas they are to explorn are dreary enough, and an 
idea obtains that there is really nothing to be done in these far 
northern lands; that no interest attaches to them from & 
scientitic point of view; and that the naturalists of the Arctic 
expedition, after they have surveyed their home in the &r 
North, may sit down on its frozen shores and weep, if they are 
80 inclined, because there is there no world for them to conqiic>r. 
Around the Pole there are about 2,500,000 square miles of 
sea and land yet unknown, and lying virgin for exploration. 
It must not be siipposcd that the mere vainglory of reach- 
ing the spot known as the North Pole is the object of the 
equipment of this expedition. " The North Pole." writes Mr. 
Clements Markham (I quote the ■tpsissimti rerha of this 
eminent geographer because I can find none of my own which 
more fuUy expresses the meaning which 1 wish to convey), " is 
merely a spot where the sun's altitude is equal (o its declinatioa, 
and where bearings must lie obtained by reference to time and 
not to the magnet. It will doubtless be reached in the coarse 
of exploration, and there is something which takes the imagine 
tion of ignorant and uncultivated persons in the idea of standing 
upon it. But this will not he the main, or even a principftl 
result, of the expedition. The objects in view are the dificovei? 
of the conditions of land and sea within the imknown area, aikl 
the investigation of all the phenomena in that region, in the 
various branches of science. These results can only be obtained 
by facing difficulties, perils, and hardships of no ordinary ch^ 
racter; but their vast importance, owing to the additions they 
will make to the sum of human knowledge, will be an ample 
recompense."' I mention this, Ijecause in some circles the mere 
vainglory of reaching the North Pole seems to be considered 
the acme of the labours of the brave and accomplished men 
who are so soon to Iea\e England, just as among the same 
people to march up a fteep mountain, and then like the King' 
of France, in the nursery rhyme, come down again (if possible 
with gieater celerity than they went up), is the aim and end of 
all alpine research. In all likelihood the "North Pole" will 
be found to be situated in the midst of some icy sea. or if oD 
land, in the midst of some dreary waste, its position only ascer^ 
tainable by a long series of observations by the scientifie 
officers, and differing certainly in no degree from the region 
immediately surrounding it. It is impossible to say what 
branches of science will he most advanced by the researc hat 

* ''TI.0 Threshold of tb« Uuknnwn Region," .3rd editi 
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the expedition. Oftentimes discoveries are made when least 
expected. One discovery leads to another, and with the 
material at hand an accomplished naturalist can never fail to 
make interesting observationti, and even deduce important 
generaligationB which those at home, onlj' acquainted with what 
has already been done, cannot even presage. Still there are a 
few points in various branches of science which it would be well 
that the naturalists should attend to, and which the Jeremiahs, 
who are never weary of crying that all is barrenness, should be 
aware still require solution, or more extended observations in 
regard to. Let us take {geology. Over the North of Europe — 
most markedly in Great Britain — America, and in alt likelihood, 
Asia also, are found certain remarkable deposits wliicli are 
believed to date from one of the latest geological epochs, viz., 
that known as the glaeial period, and are known to have been 
caused by ice. These deposits are very varied, but they may 
be referred to three great series, viz., great beds of stiii" tena- 
cious clay, imfossiliferous, but mixed with rounded boulders most 
frequently scratched and ice-worn ; a series of finely-laminated 
clays, containing fossils, chieQy Arctic shells ; and lastly beds . 
of sand and gravel and boulders, rounded and angular, ] 
scattered over the country, and belonging to formations not in 
the immediate vicinity ; indeed often far distant from the 
localities where these boulders and "travelled blocks" are 
found, showing that they may have been transported by some 
agency. This agency is now universally conceded to be ice 
in some form, most likely icebergs. Ice, again, must have 
been at work in forming the "glacial beds;" but whether 
floating ice, or some great ice cap covering the whole country, 
is as yet. undecided, though the preponderance of belief points 
to the tatter as being the mode in which the ice was formed. 
Agassiz long ago pointed out that Scotland must have been 
Bwatbed, hill and dale, mountain and valley, in such a great 
glacier covering. For long he was treated with incredulity, 
simply tiecause we knew of no coimtry which at the present 
time was in such a condition,' and therefore, reasoning on the 
great principles taught by Lyell, we could not accept such a 
hypothesis. We now know that Greenland is a country in 
exactly such a condition, and it is to it that we must look for 
an explanation of the glacial phenomena of Britain and the 
rest of the Northern hemisphere. The naturalists, by a 
thorough study of glacial phenomena in that great country of 
glaciers, can do much to solve the questions now under discua- 

" Yet'iu 1780 OlUo Fftbricius wrote ('' Fnuna Groenlanclicft," p, 4), " inte- 
lioribos ob plSigam gtaciBlem continuBm iDbnbitabUibiu;" find Lars Daloger, 
a others, described the " inland ice." 
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8100. lu tliis country, and indeed in any country but Green- 
land, we cannot do so. Take Mr. James Gcikie's " Great Ice 
Age," as the book which moat fully — though still not bo fiiUy as 
it might — treats of these questions, and there is work enough 
for a geologist lying ready at his liand. 

What is the nature of the material lying under the great iee 
cap of Greenland ? Is it the counterpart of the Scottish boul- 
der clay or till ? Are the finely-laminated clays forming in the 
Greenland iceflords from the mud-laden streams which flow oiit 
from beneath the glaciers the same as the brick clays of Scotland 
and elsewliere, as the present writer has shown to be highly 
probable? Again are the Greenland Qords, as are the fjonja 
in other parts of the world, due to the wearing action of ioe, 
when they formed the beds of great glaciers as NordeD&-kj61d 
and I have argued ? Again, the whole question hinges on the 
theory — not a theory, I believe, but an eBtablisbed fact, but still 
opinions differ — in regard to the eroding power of ice. la 
studying ice — sea and land — alone the geologist would be very 
fully and profitably occupied for a couple of years. 

Another question for him to try and solve is this — Is Green- 
land rising in the North, while we know well that it is sinking 
in all the region south of Wolstenholme Sound ? Are the terraces 
you find on the shores of Smith's Sound evidences of this genial 
and gradual iiprising of the shores going on, or are they only 
like the ten-aces you find on the shores of Greenland south of 
Melville Bay, which we know are evidences of a former uprising, 
not of one now going on, for at the present time I find others 
have shown* there are indubitable signs that a gradual sinking 
of the coast is in progress. Mr. James Geikie — a most competent 
authority on all questions touching glacial deposits — suggests 
to me that " it would be very interesting to have detemuneil 
whether the raised beaches of Greenland give any indication o€ 
changes of climate such as have been observed in these deposits 
in Spitzbergeo. Great hasiksoi Mytilua eduHayCypriiia. uilan' 
dica, and LiMm'ina littorea, occur in that island, and none of 
these species are ever found living in the Spitzbergen sea. It 
is true that Mytihts is occasionally seen attached to algas in 
these regions, but such rare birds are but poor representatives 
of the banks of the same shell which are met with in the same 
island. Mr. Nathorst, of the Swedish Geological Survey, telfc 
me that in 1870 he examined these shell-banks, and found ono 
made up of Mytihts resting upon a scratched rock surface (now 
fer removed from any glacier), and the scratches ran parallel 
with) the ^ord. The Mytiivs still lives in Greenland, as does 

* i^^M of Arctic Iff, "Quart. Joura. Geol. Soc," vol, xsvii. (1871); 
Pop. 8c. Hbv,, August 1871. 
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also Cyprina. ieUmdica, but LUtoHiia littorea does not. Heer 
notices these circumstances in his paper Die Miocens Flora wnd 
Fauna Spitxbergens {Kongl. Svenska Vet. Akad. Forhand. 
Band 8, No. 7, p. 23). It would be worth while, I thiuk, for 
the Daturali?ta attached to the Arctic expedition to examine 
any raised beaches they may come across, with a view to dis- 
cover whether the facts bear on the conclusions drawn by 
Swedish geologists, for it is difficult to believe that a consider- 
able change of climate could take place in Spitzbcrgen without 
also leaving traces in North Greenland." All these questions 
are of deep philosophical interest. There is another not leas , 
interesting. The vegetation of Greenland now-a-days ia meagre 
enough — no tree, no shrub higher than the knee, and then only 
in favoured places. But just towards the close of the cretaceoua 
period, and during the miocene age, a luxurious flora of evei^ 
green trees and shrubs, oaks, magnolias, chestnuts, cypresses, red 
woods {Seqvxmi), ebony, &c., floiu-ished in Spit^ibergen, Green- 
land, the Mackenzie River, and Alaska — in fact forming a cir- 
cumpolar belt of rich vegetation, some of the species of which 
also stretched far to the south. The Southern States of America 
or California affords a vegetation which may be compared with 
this tertiary flora of the Arctic regions. In West Greenland at 
the present time it is only found in the vicinity of Disco Bay 
and the Waigat Strait, not stretching lieyond 71°, where it is 
conjoined with beds of coal, and broken through by trap dykes. 
No doubt its range was at one time much more extensive, and 
has been circumscribed by the soft strata being destroyed by 
disintegration and the wearing action of the ice : for we can- 
not believe that a flora so extensive in its range could have been 
limited in Greenland to such a small area. Most likely it at 
one time stretched right across Greenland, before tLe country 
got overlain by ice. It would be interesting to find patches of 
it in the r^ona geologically unexplored further in the North. 
The whole geology of such a region would be extremely inter- 
esting. Most likely other formations than what we know of in 
West Greenland will be found in the North. In Eaat Green- 
land, for instance, liassic beds, unknown on the west coast, 
have been discovered on Kuhn Island, and there is a probability 
that other mesozoic beds — perhaps the true carboniferous strata 
of Mehille Island — may be discovered dotting one or other, or 
both shores of Smith's Sound, or the Strait, the entrance to 
which bears that name. 

Some people ask, " WTiat is the good of this expedition ? " The 
plain English of such a question is, I suppose, how much money 
is to be made out of it ? Well, we may at once answer that 
the vl/«r( and Df'acowiT/ expedition is not a joint stock company, 
of which Captain Nares is chairman, and that there will be nAj|~ 
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diWdends in the form of pelf to the sliareholders, vix., tbs 
English taxpayers. There will, however, be a richer reward 
than any money can give, in the advancement of knowled^, 
the atimuliis it will afford to enterprise, the training of our Bes- 
men for future work, and the glory which will attach to the 
English naval name from the gallant deeds which are sure to 
be done in the far North by the officers and men attached to it. 
But still, if the expedition was to discover a vein of cryolite— i 
mineral only foimd in one spot in Greenland, and of such value 
that sometimes twelve or thirteen ships will load with it during 
the summer — in a locality sufficiently accessible, there an 
plenty of merchants in the city of London who would gladlj 
pay the costs of the expedition for the privilege of working it. 
In stoology we must not expect too much. The researches i^ 
the expedition will be made in a very high northern latitade, 
where animal life is scarce. Perhaps the very scarcity of it 
makes the species which live there more interesting. The 
extreme northern range of animal or vegetable life is alwaya 
valuable to know ; and accordingly every specimen, more especi- 
ally of the land fauna, will be an important acquisition to 
science. The sea even, in high northern latitudes, often swamu 
with the lower forma of life, particularly on banks, and there 
the zoologist might reap a rich harvest with the dredge. The 
sea is ofben thick with the most beautiful forms of acalepbffi, 
none of which can be preserved in a condition fit for identifica- 
tion or description. They must l>e described and drawn on the 
spot. A naturalist, skilful with his pencil and sufficiently in- 
structed in the subject to be capable of describing these animals 
accurately, might alone find sufficient for his labour, as day 
after day the vessel sails along, is " hooked on " to an ice- 
field, or lies at anchor. Xow-a~days naturalists are nob so 
particular about having a long list of new animals, or rara 
species. They are more anxious about the range of particular 
forms of interest, about questions of stnicture, and other par- 
ticulars bearing on the philosophical questions of the day, 
These points can frequently only be made out by dissections 
on the spot. The large animals will afford plenty of material 
to the scalpel of the anatomist. What would a home-staying 
anatomist give, even to dissect on an ice-floe, a narwhal, or a 
white whale in a fresh or in any condition. He looks back with 
sadness to Barclay's description of the white whale, the only ono 
we have, and has a. tradition that once a narwhal reached Scotland 
in brine, and was described by an anatomist who has not yet 
published his descriptions. Tlie northern ranges of the birds, 
their nesting, their eggs, their changes of plumage, their 
parasites, and a dozen other points well known to the orni- 
thologist, would give even this unpromising department of 
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Arctic zoology some interest, and yield results which science 

wait not despise. The fishea of the Arctic seas, as the discoveries 

of lat« years have shown, are not " worked out," and the freah- 

>Tat*r species of the North will be of extreme interest. Let 

lis only take one or two points as illustrating what may be yet 

done in even the higher groups. One might suppose that, 

after the Danes had lived in Greenland for 150 years, there were 

not many new mammals to discover in that country. But we 

have seen, by the discovery within the last few years, of three 

land mammals previously unknown to the iauna, that this is not 

Uiecase. Take the musk OTc{Oi'ihosmo9cka(u8); Fabricius, no 

ibt, deBcribed it under the name of yak {ftos grttnmens) as a 

iber of the Greenland faima, but all he saw was a nktill 

lifted in the ice from the high North. Tlie gradual discoveries 

'of Kane, Hayes, and lastly of Hall, have shown that in the 

'tery highest reaches of Smith's Sound it is quite abundant, 

tliougb entirely unknown south of the glaciers of Melville 

Bay. Almost contemporaneous with this discovery was that of 

tJ» German expedition to East Greenland, that in a high 

lutitude it was abundant on that coast, though quite unknown 

farther to the south. Take, n{;ain, the lemming {Myoiiea 

brjurthwf). Scoreaby, and afterwards the German expedition, 

found it on the north-eastern shores of Greenland ; but it was 

lai^ unknown on the western shores until Dr. Bessells, of Hall's 

ttpedition, obtained it from Smith's Sound. Here is a very 

Bttrioiig distribution of life, the same animals being found at 

>baiit the same latitude on botli coasts, and yet unknown 

With of these parallels. The interior, it is believed, is covered 

^th ice. The animals could not have crossed over a stretch of 

wX) or 700 miles without food. Have they worked their way 

""md the northern end of the continent, and if so, what is the 

Wttthem termination of G reenland ? Is the interior, as is believed 

Ry the best informed physical geographers, covered with a great 

^cier covering? I think the preponderance of facta is in 

'Totirof this view, andthatthe moraine supposed to have been 

•Wn on it, near Upemavik, is only local. Further to (he south 

■6 find no moraine, and if the ice crossed over or infringed on 

tty land in the interior such moraine would be sure to be 

ind in it. Lastly, the ermine (^Miiatela ermlTiea) has been 

md on the east coast,though this animal is entirely unknown 

the west, The habits of few of the Arctic mammals are well 

lown, and any notes on these would be interesting. The 

Inropean birds — -in large numbers and of many species — every 

ner migrate to the furthest North. For what purposes do 

migrate, and where do they all go to? Professor Newton, 

Cotnbridge, has called attention to the strange movements 

the knot (7'rinj/rt canutua), which migrates to Greenland and 

XITi — BO. iT. H 
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Iceland, but it. soon leaven these r^ioDs and mtirt move furthi 
to the north ; hut where it goes to is unknown, and of I 
nidiBcatton we know nothing. It comes to Britain in larg 
numbers— old and young hirds^-in the autumn, but again 
takes its flight to the far South until the following spring 
Where does it go during the Bimuner ? To regions less steril 
than Greenland and Iceland — but where in the North are thi 
r^ona ? Is this expedition to discover them surroundin 
the shores of that open Sea, in the warmer regions which t 
believed by some to surround the Pole, but which other sceptii 
Eoulshave long ceased to place any faith in ? Perhaps not. Sti 
there is no use denying that " there is a great deal to be said 
in favour of " the open Polar Sea." 

Dr. Hooker's classical paper on the Arctic Flora" haa so full 
explained tlie peculiar condition of the vegetation of Greenlani 
that, if even my space permitted, any explanation of the Pbyto 
geography of that country is unnecessary. 

The vegetation — meagre as in aU probability it must 
the far North must be extremely interesting. Already Smithl 
Sound has yielded additions to the Greenland Phaiierogam< 
plants. There are many puzzling varieties of Arctic plan 
epilobiums, drahas, dryas, &c., which it would be well t 
investigate; and the whole flora should be studied, not from '" 
mere dried-hay point of view, but with reference to its ori 
and nature, as so lucidly and philosophically explained in tlu 
treatise of the President of the Royal Society just mentioned 
The cryptogams will yield many novelties; lichens, 
algEe, &c., will all be found in abundance. We know little 
the Arctic algse. Disco Bay yielded to the present 
almost as many species as had been previously known from tlw 
whole Arctic regions. Botany, however, will not be the brenel 
of natiu^al history which will be most advanced by this e^iedi 
tion. Geology or zoology will be the greatest winners. 

I have only taken up these three sciences as specimraiB a 
what may be done. Even then I have only touch«i upon on 
or two points. Had I more space at my disposal, I could hav 
pointed out a score of other questions still requiring soluttOQ 
and which this expedition can assist in solving, if not sob 
altogether. 

The other branches of science I have purposely avoided, : 
being foreign to my studies, and my opinion on them can then 
fore be of little value. Mr. Markham has given an outline 
what additions to our knowledge in these departments wb m 
look for from researches in these fields of knowledge, and to l 
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work I refer the reader. For instance, a series of ptinduliim ob- 
servations at or near tlie Pole would be of service in determining 
the tnie figure of the earth. The nearest point to the Pole at 
which the pendulum has been swung for geodctical purposes 
is 600 miles from that point, and yet Sir Edward Sabine's 
observations are those which we chiefly rely upon for our know- 
ledge of the earth's figure towards its northern termination. 
Terrestrial magnetism, and the study of the aurora by spectrum 
analysis, will yield good results — perhaps entirely new. The 
meteorology, the temperature of the sea at different depths, the 
nature of the currents, are all important subjects, and may be 
advanced by the researches of the officers of this expedition. 

Finally, additions to our knowledge of the ethnology of the 
far North may be advanced by a study of the few remnants of 
the Eskimo now living in Smith's Sound, by an investigation of 
their kj ok kenmod dings, or refuse heaps and grave mounds,' 
their wanderings, &c. It may be found, though this is not 
probable, that detache<l tribes may be found still higher 
North than we yet know, and I think it is not improbable that 
the Eskimo of tlie east coast of Greenland doubled with the 
lemming and the musk of the northern extremity of the conti- 
nent', and then spread to the south. In this case it would be in- 
tercating to compare the remains, implements, &c., of Smith's 
Sound with those of the east coast, brought home by the Ger- 
man expedition, or contained in the Ethnological Museum in 
Copenhagen. 

Elaborate instructions will no doubt be supplied to the 
naturalists regarding all of these questions.! It is to be hoped 
tiiat they, like the commander, will not be hampered by too 
many instructions prepared by naturalists, who, however emi- 
nent, may be iraaware of the difficulties which a naturalist lias 
to meet with in his researches in such a region. If they are 
qualified — as doubtless they are — for the duties, then they may 
be safely left to do what they can. If they are not qualified, 
then for the credit of English science they had better be left 
at homo. No one, however, who knows the stuff out of which 
the expedition is composed, will ever hesitate in believing; that — 
though siich an expedition is to a great extent at tlie beck of 
the ice, and a hundred other circumstances which those who 
have never sailed the ice-choked seas of the North can have 
little conception of — every man will do his best ; and the beat 
will be very good indeed. 

* It hue been found tbiit the iron whicli taces the old bone kuives found 
in tbe old Etkinio graves in Oreenloml Is meteoric. 

t Arctic CommitUej of the Roynl Society and the Itoyftl Geographical 
Society, at the auggeation of Mr. Marliham, are now prepsriog manualg, 
giTUig a summHry of our knowledge of Greenland. 
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THE recent dtscuBstnn on cremation has, for a moniCTil 
excited much public interest on the whole subject of di 
poaal of the dead. The subject is one fruitful for tiisciission, an 
one that will probably long remain fruitful, not l>ecause of tl 
practical difficulties of modes of disposal, but bocauae of tl 
diflferences of sentiment that prevail, and of the social, an 
I may say legal objections to that mode which many mon i 
science, dealing only with the scientific side of the tiuestioa, ai 
inclined to consider as the method mopt perfect and nn 
advantageous to the physical interests of society. 

In studying this subject in a practical point of \iew, men ( 
science have to take into their consideration the psycholc^pN 
not less than the material side of it. That they will by an; 
force of enactment make any one exclusive method imiversal ' 
not to be expected. They might ae well hope to introduce oi 
religion, or one taste, or one food, or one sentiment, and giw 
to that unit universal rule in com tn unities, the members of 
which are more sharply divided by psychological differencM 
than by any other causes of division common to mankind. 

To bury, te embalm, to cremate, mean in fact three acts the 
inclination te either of which depends altogether upon the dis- 
position of those who have to cariy the acta into practice. Tti* 
disposition depends not on reasoning, but on insttncL Tlri* 
instinct depends not on accident, hut on the most veritablB of »U 
human endowments, on the organic origin and build of the nafl 
and of the men from whom the man springs; in other wOflh 
npon racial and family dispositions or qualities. 

It accorded with the disposition of the ancient Oreek t-o bitro 
his dead. For the Greek was the father of mirth, and if "W 
.juver in his happy mind to retain long near tn him that whiab 

old hold him in gloom. So to the eternal fire must g« ibe 
est and the dearest when the spirit that anim»t<i-d the budy 
KBolved away. Burial of the dead was to his mind ■ slow 

Keveu wearisome process, to he followed out only in omoi- 
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gency. The traveller wbo should find a dead bodj was u^sked to ] 
Imry it, or at least three ticaes to cast dust upoii it ; 

QunnquBm festinns, Qon eat mora lon^. Ucebit 
Injecto t«r pulvere, curran. 

And the sailor who floated ashore from t)ie sea bore on Mb 
Ijotly the most costly gift he possessed for him who should give 
its lifeless bearer the rite of burial. But these acts were excep- 
tional, the necessities infiicted upon thoi-e who could not be 
submitted to the pyre. 

Beyond this reason, moreover, the Gret-k found and felt 
another motive for that system of cremation he all but uiiiver- 
Bally practiaed. Strange as it might seem to men of other 
races, the very process of submitting the body to be burned was 
to him the sign of the life that is immortal. The body he with 
so much ceremonial committed to the tire was not in his ideal 
destroyed. Great men, according to that ideal, were to be 
raieed to the world of the higher intelligences ; and Pluto him- 
self, because he taught the \ery art of disposal of the dead, was, 
for his art, believed to have been received into the number of 
the goda. No ! the thought that animated the Greek waa the 
biinple reverse of the material conception of organic structure, 
living or dead. Tlie men who transformed their lieroes into 
ilivinities, and who carried out their young dead to the pile 
'■•'fore the dawn, that the sun might not be the witness of bo 
■ ■irible a calamity as the cissation of life while yet it had not 
Lfiproached its perfected glory, were hardly the men to be 
iiiintcd with the belief of the cessation of individual phenomena 
uith the cessation of that visible motion from which we infer 
liiat the body that once was living has ceased to live. With 
llie Greek, llie burning, to which he subjected the dead body, 
was a process for the purification of the soul. The soul, left 
unclean in its earthly state, required to be rendered ijuite 
perfect by the absolute purification even of the casement in 
which it had been enshrined during its mortal course, and to 
which it must still cling. So tliey submitted the casement to 
the pur, the great and absolute purifier, the fire. Further, they 
conceived that in this piurification they set free the indestrtictibte 
principle of life, that it might enter the more speedily into the 
domains of the blessed. This was the Greek ideal of what we 
call cremation. Symbolised, somewhat differently, it remains 
to this day connected with a faith to which millions pay 
allegiance. 

It accorded with the disposition of the ancient Egyptian to 
jrt nin hiR dead as perfectly as art could enable htm. The body, 
I receptacle of the soul, was bm precious to be cast away 

bearth to rot there, or to the sea to be devoured of anii 
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or to the fire to be resolved into thin air. It was to W 
so that the spirit which once animated it might at some gtaan 
and eventful moment re-enter its tabernacle and reign in 
again, incorniptible. In this ideal we have tlie origin of 
belief which in still moat prominent in the thoughts of man 
kind : a root of a faith BjrmholiBed Bpecinll}^, and accepted alsc 
by millions of men. In our care of burial of the dead, in oui 
sepulchres and stately tombs, we Btrive to express what the heart 
prompts from this aource. The ideal received its fullest n 
cognition in the process of disposal of the dead bj embalming. 
The poorest and the richest Egyptian preserved his dead, in thti 
hope, with all the perfection his means could de\'ise. The ridi 
man with his costly gifts left hie lifeless friend In the hands 
the embalmer for seventy days, and received back the body 
swathed in cloth and gum, so perfectly prepared, tbat set up 
amongst the living or laid in the sarcophagus of all but solid 
stone, it could be left safe there for aU the ages that were t( 
come ; loft, not dead, but waiting in solemn silence for thi 
renewal of life that would one day as surely revive it as the sun 
revives the silent earth into the living day. 

When father Abraham, refusing the gift, bought of Epiiron 
the Hittite for four hundred shekels of silver the field before 
Mamre, that he might bury liia dead out of his sight in thff 
cave of Machpelah, he followed another disposal of the dead 
which, througti all the variations of the marvellous race he 
founded, has held its course. To the Greek this mere burial were 
barbarous ; to the Egyptian a poor imit^ition of that perpetua- 
tion of mortality by which tlie mortal would be made to rejoin 
the immortal part. Yet again it symbolised, in another w»f, 
the same ideal. The seed sown in the ground is buried, but 
does it not spring up again ? That which is sown is not 
quickened unless it die. And so with the body : it is aowii tn 
corruption, it is raised in incorruption : it is sown a natnnl,it 
is raised a spiritual body. How fixedly this principle of bnij- 
ing in the earth, of returning to the earth that which cam* 
from it, has remained rooted in the minds of men, througk 
Jewish interpretation, let any thinking person consider. Tl» 
maaBe« cling to it despite pictures of disgust, however realistic! 
and even the choicest of our philosophers have held by it to 
their final sleep, and have written of it themselves. 

" The body of Benjamin Franklin, printer, (like the COTtf 
of an old book, its contents torn out and stripped of iti 
lettering and gilding) lies here food for worms. Yet the wotl> 
itself shall not be lost, for it will (as he believed) appear once 
more in a new and more beautifid edition, corrected and amendsj 
by the Author." 

% these Inter days the disposal of the dead has beoi cdDSi^ 
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[r^kred more purely as o. Ecieatific question. It lias come scienti- 
fically into notice in connection with tlie work of sanitary 
advancement, and upon tliia basis it has been discussed with 
much activity. Growing out of the discussion has arisen an 
effort to introduce into our country the ancient Greek and 
later Boman method of cremation, but without reference to that 
sentiment by which the cultivated Greek made the process 
a solemnity and a hope. It is the design of our modern crema- 
tion to accomplish n destruction, not to institute a rite : to g;et 
rid as quickly as possible of an offensive and objectionable mass 
of organic putridity, not to consign for perpetuity the immatch- 
able mechanism of life, in its design indestructible, that it may 
exist again. 

In this proposal of modern times there is a return to a phi- 
losophy of a Roman scliool which once bad many followers j but 
which, foiling to appeal to the heart of man, fell before the 
gentler and sympathetic part of the mental organisation. I 
believe it will fall so again and again, unless in the course of 
nature the two nervous Uvea with which we are endowed should 
be organically remodelled, and the reasoning parts gain the 
pre-eminence, the head overcome the heart. But then the 
pa.«dons ivill one and all be lost, and the cold reasoning being 
— he will be no longer an animal — that will remain wQl have 
no sentiments and therefore no sympathies ; no imcertainties, 
therefore no hopes ; no hates, therefore no loves ; and no grati- 
fications except those that are infinite and away from the 
common sphere in which he is doomed to breathe his purely 
physical life. There is little indication up to the present 
moment of any such radical reorganisation nf man as this, 
and we need not expect the cremationists much chance in our 
generation. Indeed they are out-\otod a liimdred to one by 
■ .-Jiie extreme sentimentalists, who would still embalm their dead 
■MUd retain near them even the silent form of that which, after 
^Bjt became silent, was felt to be beyond all previous conception 
^Heloved and precious. I have myself seen many instiinces 
^^K embalmment ; I believe there is no mode of disposal of 
^Bke dead that is so tranquillising and solacing, at the moment, 
^^b the living ; and I am far more prepared to see the advance- 
ment of this mode of disposal of the dead than of that by the 
sharp and decisive fire. 

The probabilities are that, on the whole, matters will long 
remain much as they exist at the present moment. The 
niajiirity will hold by the present system of simple interment 
in the earth i a minority will follow the process of embalming ; 
a smaller minority will support cremation. Putting aside bJI 
^HbftUng in the matter, it may be useful to consider what disad- J 
^^BBtages or advantages pertain to each method. 
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Tlie udvaiitages urged against, siuiple burial in tlic earth ai^ 
(a) that sutli mnilu of Imria] is iujiinoua to the livings; (ii) 
thiit the eurth hecomt^s impregiiatcd with tbti remains of tba 
dead, and that fumi-tiuiea the very water which Bltratei 
through liuch earth becuuics the drinking-water of com muni' 
ties; (c) that from the graveyards there arise oSeosive gseeoui 
emanutions which, breathed by the living, are sources of di» 
ease; {d) that old burial-places, if they become unearthed 
are possible sources of contagion ; tliat the contagious m&tt«i 
buried with the dead wlio ha\'e died of pestilence, thougl 
remaining harmless while stored up iu the earth, may, if aet 
free by the removal of tho eartli, bu di^semioated amongst tbe 
living to distribute once more the poisons of the spreading 
disease; (e) that the thought of the dead undergoing slow 
decomposition in the earth during long periods of time is, when 
it is brought before tlie mmil so as to be fully realised, of al 
thoughts most repugoaut and terrible. 

If all these charges againnt the ordiuary mode of buria 
were really true and uuj\ oidahle, httle could be said in it4 
favour. It really happens that none of them are necessarily 
true. It may be that in some instances too close prosimity 
of the home of the dead to the home of the living hu 
been huitful. I was once consulted on the subject of the 
supply of water to a town iu which an impure supply wa» 
derived because it had filtered through an old burial ground. 
But the error was soon amended, as others might be with 
equal ease when they occur. The objection against the eiDft- 
nations from graveyards is equally removable. By a bad 
social arrangement, by placing a graveyard in the midst of 
a crowded population, and by super-tilling it with dead, much 
harm may and possibly has been done ; but tliere is oo 
need for any such an outrage ; no more need than for piling 
up combustible mutter in the heart of a town or city. To 
remove the dead a dii^tancc of even a mile from the living, jud 
to bury tliem properly, in sufficient space, is in truth all tJufr 
the most rigid sanitarian can reasonably desire. V^ ho in OUX 
large cemeteries or in our village burying-grounds, when 
proper order and decency prevail, ever found the existence of t 
dangerous emanation from tho dead ? What evidence is therC 
anywhere of one single instance of a contagious or epidemii 
disease derived from such a source f On the contrary, tbi 
entire absence of propagation of contagious disease from thi 
cemeteries of such a city as London, is the lieat and sureB 
proof that the system of burial in tho earth is uoesceptiooaUi 
as a means for the final burial of contagion. 

The statement that the poisons of the conta^oua dtseue 
6 been set at liberty by tlie reopening of old burial-ground 
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tbe removal of the cooteots oi these grounds, though it 
has often been made, is one of those arguments that would 
require a great deal of new fact before it could be accepted as 
reliable. In our time, certainlvi no &ir instance of Xhia evil hu 
been revealed in our countrj ; nor is there the retnoteet reason 
to assume that the organic poi^on^ of the spreading dtdeaaes are 
BO indestructible that they will remain undecomposed while 
the other organic parts ri^solve into gaeeou) products of decom- 
poeitioD. 

Indeed, except by direct inoculation from it, it does not 
appear, in evidence, that even the recent dead body, dead of a 
contagious malady, is capable of communicating contagion to 
the living. The motion of life is nece&$ary for the poisonous 
particle 1o be disseminated that it may light disease. The 
dead body, like a candle that lias been perfectly extinguished 
and then ceas^^s to give forth tiie light which, before it was 
extiuguislied, it could so readily communicate to other bodies 
that are capable of burning, ia harmless when it has ceased to 
glow. Aud so, when we carefully investigate this question, 
the danger arising from the dead who have died of contagious 
maladies, we find amongst thon^ who are engaged in moving 
such dead for burial — the undertakers and tbeir assistants — no 
instance of the origiu of any contagious malady as a conse- 
quence of tbe exercise of their particular calling. On this ground 
of assumed danger from burial there is in fact no necessary case. 

The last objection to the mode of disposal of the dead by 
burial iu the earth, though it seems at first the most cogent, is 
practically imreal. It is so natural an act to biuy what ia 
dead, that the thought of the after changes to which the buried 
Iwdy is subjected never troubles tlie minds of those wlio live. 
There is something about it that cannot enter into the mind to 
terrify it. Claudius himself, with death in his face, though he 
thinks it terrible " to lie in cold obstruction and to rot," " his 
sensible warm motion to became a kneaded clod," shrinks lees 
from this apprehension thau from that of the delighted spirit 
bathing in fiery floods or residing in thrilling regions of thick- 
ribbed ice, or a worse than worst, to he with those that "law- 
leas and uncertain thoughts imagine howling." The B;ime with 
the few of hia clasa. The majority, like Diogenes, rather than 
Claudius, think nothing of the disposal of their inanimate 
bodies. What matters it, " nihil sentient! " ? For the like 
reason those who live to bury their dead have no sense of alter 
di^;uHt in the fact. They go to the grave, plant it with 
flowers, or cover it with the monumental atone, and speak and 
think of the eleeper beneath with no sentiments save those of 
re and sorrow, and the reason of this is that they are at one 
nature. The earth calls for the dead, that she may brin( 
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forth the liviog. WTiat changes sho effect:, in the intor\-als of 
change are so perfect and bo concealed that had sho entirely 
her own way there were no more discemihle offence in bury- 
ing a man than in planting a eeed, What evils arise an 
due to the ceremonial we follow of partitioning tlie body firom 
the earth in Blowly-de&trnctihle inveitmcnts of wood or of 
metal. 

The advantages of burial in the earth, when the process u 
correctly carried out, are, that of all methods it is most econo- 
mical and most simple. That it admits of being made a perfect 
protection to the living ; tliat it carries with it nothing that is 
repugnant to the mind at the time of disposal, and that in the 
economy of nature it allows her to have back the rich nitro- 
genoua compound ammonia from which to reorganise the lower 
vegetable existences for the use of the higher forms of life wfaidi 
wo call animal. On these grounds of absolute necessity the dbi- 
tural position is so strong, that we do not believe any humiB 
argument against it, however plausible it lie, will prevail. To 
suppose so much is to admit that men may be at suecessfiil 
'Variance with the design of the uni\'ersc, and still progress. The 
splendid allegory of the inferior spirits warring against tbedr 
master and designing new plans of government in heaven and 
on earth, teaches that this idea of revising the natiu^ ordin- 
ances is a conception doomed to fail by whomsoever tried. 

The disadvantages connected witli the disposal of the body 
by the process of cremation are varied. In the first place, that 
the process should he safe it must be very perfect. To con- 
sume the dead body by fire slowly and by imperfect eombuEtioa 
would be but to create a veritable nuisance and a real danger, 
to say nothing of the disgust that would be excited by audi 
procedure. To make tlie combustion perfect, a furnace of ft 
special cliaracter must be employed in which, witli the i 
rapid combustion, a period of one hour ia reiiuired to reduct 
the adult body to ashes. Preaimiing the principle of cremation 
by this perfect method to be established, it remains doubtiU 
whether, as a matter of economy, it would ever become uni- 
versally applicable in large populations. 

Another objection has been well raised by Dr. Mohr, based 
on the question of the natiu^al economy. In the perfect 
struction of the animal by fire, Mohr shows tiiat the tissues 
would be resolved into the elementary gases, and that no inter- 
mediate product of ammonia would he yielded. Thus tl' 
most indispensable product of nature, ammoiua, would be It 
80 far to the vegetable world, and one of the grand designs 
nature would be impaired. It were vain to say that this k 

%n3 little. It might mean little if cremation were to be i 
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stituted only as n fancy process, in wLicb the few wlio considered 
it a costly luxury might indulge. But applied to all the dead, 
it would in the course of ages become a direct robbery from 
the resources of the planet^a robbery ua great, to use the illus- 
tration of Dr. Mobr, a« that of the toal-tields which is now so 
extravagantly in progress. 

There is yet another objection to the process of cremation, 
which, hard and painful as it i&, must still be admitted. The 
objection is, that the method of complete destruction by fire 
would conceal many cases of death from modes of death that 
are not lawful. On this point all who are best acquainted with 
the details of medical jurisprudence are tmanimous. They tell 
ua that, even under the system of bmial in the earth, some 
murderers, who silently ply their awful crimes, skilfully escape 
justice. Give then to these criminals more advantage, lot them 
know that evidence of their infamous work may be absolutely 
removed if they can only convey their victims legitimately to 
the furnace, and they will be emboldened beyond all measure that 
has heretofore existed. To meet this objection, which no one 
doubts is valid, it liaa Iwen suggested that in doubtfid cases 
portions of the viscera should be retained — should not, that is 
lio say, pasa into the fire. If this were done, however, it would 

"liy meet a part of the reijuirement of the analyst who, when 

loe bis analytical work commences, may demand for its com- 
pletion the whole of the soft tissues of the body; neither 
would it meet a much more important requirement, viz. that 
the body l>e not too hastily destroyed. In all the instances 
where an order for exhumation of the dead has gone forth, and 
these are the very cases now under consideration, the suspected 
murderer has so skilfully evaded suspicion that he has succeeded 
in consigning the body to the earth. What then if, instead of 
the earth, we were to let him consign it to the fire ? Could 
we by any known device give a better means of escape from 
detection ? The medico-legal authorities are not wrong in this 
view which they take of the extreme danger of cremation. They 
know already too many instances in which, even with the pro- 
tection afforded by retention of the bodies of the dead in the 
preserving earth, the law has failed to seize the guilty hands 
that laid the bodies there, to bo sangiune in favour of a process 
of disposal of the dead that shall act as a further temptation 
to the wicked for deeds of secret raiu'der. 

The advantages claimed for cremation are that it is a sound 
sanitary protection ; that it removes instantly f lie decompos- 
ing mass of the lifeless and useless body ; that it is less 
objectionable to the mind than the process of burial ; and that 
its adoption, by doing away with that reverence — it may be said 
euperstitioiis reverence for the dead which now exists — would 
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remove from our sigbt the cnstly pageantries of biirial ^n^^l 
disgrace our civilisation. Od all these poiotd of argumeat, 
barring the first, sentiment rather than science prevails. In 
respect to the first or sanitary part, science teaches that burial 
may be made as protective of tbe living as cremation, and with 
that expression of fact, the only fact before lis, I leave this 
part of the sabject. 

Tbe disadvantages of disposal of the dead by eiubulmment are 
many. To embalm a fevr bodies only, and thus tn make tlte 
pro<:ess what may be termed a luxury, can do no injury to tlie 
community; but if the process were extended, and tbe surface of 
tlie earth were transformed into a standing-place for the dead ss 
well ze the living, the inconvenience would soon be feit beyond 
endurance, and the economy of nature would l)e disturbed u 
effectively as if the musses uf body were dispersed iu gaseous 
products from the fire. 

Embalming has, however, in these days been brought to such 
perfection that it may, when required, he oHected without danger 
to anyone except to the operator. It is performed rapidly by 
the process of injection of a preaer^-isg fluid into the arteritt 
of the dead body. This solution consist^ of chloride of zinc di»> 
solved in water ; and when tbe process is effectively carried out, 
tbe body la left with all its tissues solidified, so that it is neail/ 
as solid as stone itself. 

In tbe case of persona who die far from their home, and 
whose friends wish t) ba\a them retained imburied until thi^ 
can he interred in the same burial-ground with other memben 
of ihe family, tbe feeling which dictates embalming is fuilj 
gmtified. In the case of imknown persons who are found dnd^ 
and around whose deaths some doubts hang which nothing bat 
identity can solve, tbe feeling which dictates the preservatum 
of the body may be sanctioned by the reqiiii-emeuts of puUifl 
justice. But when the desire for embalmment is meant only to 
gratify a morbid craving on the part of a few living personate 
retain the mere animal renminsof tbe dead, then the ecnditJoiu 
are ehanged, and the only circumstances that can justify the 
demand fully are those which relate to history. It may be 
urged that great historical personages may be embalmed with 
advantage ; it may be urged that persons who are not in any 
sense great, but who from some peculiarity of physical con- 
struction are of interest to tbe natural historian, may be em- 
balmed with advantage. Here I think the argument in favoor 
of embalmment rightfully ends. 

Thus in respect to tbe general question of the disposal of the 
id, the common sentiment, and, as I think, the 
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sense, is with Lbose who ailhere to the ancient practice of bui 
in the earth. But in stating this it is proper to admit that 
many important improvements are reqmrerl in tlie process of 
modern burial. 

I omit all mention of such improvements as are rciiuired 
in mere matters of ceremonial. No argument of science will 
influence men and women on that particular. If cremation or 
embalmment, or any other mode of disposal of the dead, were tj) 
become the current fashion, the external or ceremonial additions 
might remain, practically, as extravagant as ever. 

Imprimis, I believe it to be entirely unnecessary to remove 
our cemeteries long distances from towns and cities. The 
present arrangements, such as have been carried out diu-ing the 
past twenty years, have so far, I believe, met every necessity, 
and a judicious extension of the existing system is probably as 
good as can reasonably be followed. 

The only source of contamination that can come to the living 
from the dead consists in the possible danger of having for a 
town a water supply drained from springs which in their course 
pass through the homes of the dead. But that such a necesv- 
sity ever exists is fairly open to doubt. In few- places, I presume, 
need the dead be buried at a level above the soiu'ce of the water 
supply, and when in any given place where, from the wat«r 
supply being from wells only, the cemetery must he above the 
water, tJie distance at which it is placed from the wells may 
always be siifficient to prevent contamination. Water contain- 
ing organic decomposing matter cannot percolate many yards 
through a good carboniferous soil without being rendered inno- 
cuous. It is from this circumstance that, in the midst of many 
errors as to mode of burial in past time.', the occurrence of 
di!;eAse from this source of water contamination has been so rare. 
The modem improvements really required in burial are of 
four kinds. They relate : 

Ftrslly, to the construction of the soil of tlie cemetery. 
Sf-coitdli/, to the mode in which the dead should be placed In 
the earth. 

Thirdly, to the superstructure of the soil of the cemetery 
and the vegetation. 

FoUi-tM'/, to the methixl in which monuments to the dead 
should ultimately be set up and preserved. 

The construction of the soil of the burial-ground is of first 
moment, and might readily be made matter of legislation. The 
soil that is most fitting for this purpose is a fine carboniferous 
mould or a mixture of carbon, lime, and sand. In such a soil the 
complete removal of the body might, imder proper conditions 
of burial, be secured within a period of ten years, and in suol 
a soil renewal of bmial might be saftly carried out after ev 
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Biich interval. In Naples it has been cugtomftry to bury in pits 
earth with whicb lime has been mixed ; to biiry bo many bodie 
in one section on a given day, to allow tbat section to rest for 
year, then to remove the whole of the earth of the section with 
its organic remains, to refill with new earth and bnry agnin foi 
the nest year in the new earth. In this country such a prompt 
system would not be tolerated ; but the method of burial in 
destructive, but more slowly destructive, bed would me«t pr< 
bably every view, ivithout creating undue prejudice at the con 
meDccment of the reformation. In some localities a natonl 
soil would yield all that is wanted for a perfect burial in eartli 
In other localities the earth would have to lie specially con- 
structed, and a series of carefully conducted experiments on tbi 
destnictive powers of various earths are required before a per 
feet system can be evolved. It will probably be found, I rei 
that an earth composed of equal parts of fine carbon soil, sand ae 
lime would be the most rapid of all combinations for the di 
struction of the animal matter with absorption of the producta 
of decomposition. In a cemetery correctly constructed with 
twelve feet of prepared earth as its basis, such soil might r^nain 
undisturbed, except for purposes of burial, for many yeare. 
Long enougli, certainly, for the burial-place of the majority of 
the dead to be forgotten and for the dead body to pass into 
entire reunion with the earth from whence it sprang. After a 
given and due time, without any injury to sentiment, the 
soil could be removed in sections, and be resupplied with new 
material for new burials. 

I have described the artificial soil which would prove the 
moiit effective for the purposes of burial from the facti I har» 
gleaned diu'ing direct observation of the action of different 
substances on dead organic matter. Specimens of such matter 
biuied in pure caibon, in virgin carboniferous earth, in a mix- 
ture of carboniferous earth and sand, and in this latter mixture 
to which lime had been added, were found to undergo rcs«dutioo, 
in the last most effectively, in the first the least, A &esh car- 
boniferous earth answers exceedingly welt, far better than simple 
vegetable carbon. The rapidity with which it deodorizes even 
decomposing animal matter is most remarkable. It may be said 
to act in a matter of minutes. The rapidity with which it 
produces destruction of the organic substance, especially if it 
be kept dry, is equally surprising. The complete decomposition 
may be included in from twenty to thirty weeks. 

It is worthy of remark, however, that all the parts of an 
animal body are not equally destroyed. The integnrntmlary 
parts and the membranes are much more slowly destroyed than 
the muscidar, and the muscular are more slowly destroyed tiaa 
'■he nervous. The bony parts are more resistaut to deatnietioa 
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l^n the integumeDts, and the pigments are more resistant 
than bone. 

It is not assumed that the abovenamed description of a pre- 
pared earth for the cemetery is perfect. It la an appioximatian 
to the truth. A carefully conducted series of new experimenta 
are required to bring out the precise facts. 

With these modifications of the earth in which the dead 
ehould he laid must, come an entirely new system of burial. It 
would be in vain to construct the best burial-ground if the pre- 
sent system of enclosing the dead in coffins of wood or iron or 
lead were to continue. The coffin should be nothing more 
than an easily destructible shroud, in which the mortal remains 
may be concealed from view until they are dopowited in the 
earth. The present coffin ie after the mode of an Egyptian 
sarcophagus, and is probably an imitation of that receptacle. In 
the form of this receptacle there is nothing objectionable, and 
if the popular taste wills that it shall be maintained, so be it. 
But the structure must be so modified that the instant the body 
iB placed in the earth it shall either be in direct contact witb 
the surrounding earthy matter or shall be separated from it by 
some simple organic material that is easily and rapidly 
destroyed. The newly proposed wicker coffins woiUd probably 
answer the piu^ose intended, fairly; but they liave the fault of 
not being sufficiently destructible. A return to the ancient 
bier and to the primitive mode of simply enveloping the body 
in cloth would be by far the most rational modification. 

It is presumed by some who advocate this direct mode of burial 
that interment should in all cases be carried out within a short 
inten-al after death ; that a period of not less than tbiiiy-six 
hours should be allowed to elapse between the cessation of life 
and the disposal of the lifeless body in the ground. There 
can be no doubt that the method of placing the body in the 
coffin, and of temporarily closing the coffin, has led to much 
error in the manner of detaining the dead amongst the living, 
and it is not less doubtful that when, in any instance, actual 
decomposition of the tissues has commenced, the time for 
interment, however short it may he, has fairly arrived. The 
system of burying without the coffin would therefore in a sani- 
tary point of view be of advantage. It would lead to interment, 
in every case, so soon as the direct evidence of decomposition 
had set in, and in the majority of instances that would be 

I within forty-eight hours from the hoiu: of the demise. Third- 
ley burials would become the rule. This period would be suf- 
ieient to establish the fact of death on the one hand, and to 
llFevent injury to the living on the other. 
L Under a perfect system of burial, with the method suggested 
Kremoval of the earth and resupply of new earth at fixed and 
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limited periods of time-, there would lie detnauded a modtlii 
tion of the present plan of planting the surface of the leioetery 
with trees and evergreens. To surround the place with tree* 
not too thickly planted, to plant small and handsome trees in 
different parts of the ground by the side-walks and in odd epota 
where the earth remains undisLiubed would be iinobjecttonahle 
The rugged elms and yew-tree's shade might still encircle thi 
homes of the dead; hut inasmnch as the earth in which thi 
burials are made is to l>e a nio\eable earth, it would be impos- 
sible, except in particular instances — of which a word must yel 
be spoken — to plant over any one body any special and laetinj 
tree or shmh. The ground levelled at once after burial shouli 
be covered with rapidly-growing vegetation, such quiet 
growing grasses which can be mown and utilized either 
food for the laborious animals or as maniu'e for other la 
Thus the products of decomposition from the dead, which by 
diffusion would find their way to the surface, would be remov< 
by their transformation into new forms of matter as rapidly 
they were evolved and distributed, 

The last modification, under a new and more perfect syi 
of burial, relates to the records of the dead: the tablets 
tombs and tombstones which affectionate relatives ph 
those they love. How transitory these records are can hardly ba 
accredited until, with watchful intent, the unprejudiced obsCTVer 
seeks for the truth. In ecanning our country churchyards it » 
the rarest thing in the world to find a perfectly legible tomb- 
stone erected over a grave of one hundred years. Numbers are 
either illegible or fail to mark the precise place of burial at 
twenty years, and fow are tended or preserved over five to ten 
years. 

Practically, in fact, the monumental system of record is &it 
going out, aud under a new and better system it would have 
to pass away altogether. The tjiblet might rem 
central temple without the cemetery. It might record that 
within the precincts the body buried there was on a certain dty 
committed to the dust. The inscriptive description of the 
dead might, as usual, be rendered, and the tablet, being under 
shelter, would be adviintugeously placed for endurance. Bejx)nd 
this the monumental brass or stone could not go. To place it 
over the body of the entombed, or at the head or at the foot of 
the dead, as a permanency, would be destructive to the whola 
scheme of perfect burial. Over the dead nothing more must be 
placed than a simple mark, which at the close of the tenu, 
when the earth is removed aud replaced, wotdd also b(^ removed 
and destroyed. The body is no longer there ; it has passed 
into new forms of matter; the stone therefore, if it remained 
'ling that the botly was still there, would be a mere cheat. 
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It might as well lie on the highest mountain or in the lowest 
depth of the sea. 

Sfcill for the wealthy, for those who can afford to make 
grief a long luxury, there might remain means of an excep- 
tional kind for monumental sepulture. If in a cemetery a por- 
iiaa of ground were exclusively bought to hold a limited 
nomber of dead, such a special grave might be constructed as 
should remain unmoved. Within a well-built brick vault, filled 
with prepared earth, and closed by an arch above it, so that 
water could not enter, the dead could be buried with perfect 
safisty, and might remain so long as the land was in the posses- 
sioa of the family that bought it. On such special ground 
might be laid the monumental slab, as at present, and here 
imght dust commingle with dust, without any diffusion from the 
charmed spot until Time the destroyer fought out his invaded 
rights. Here, too, might be buried, in the sarcophagus or metal 
tomb, the embalmed dead for the historian to find and depict 
when Time shall have conquered and won back his privileges. 
But these exceptional advantages and preservations and reservar- 
tions of nature are for the rich and sentimental, who make a 
great part of history if they do nothing else, and who ought 
therefore to be gratified. The masses who expend all their 
bodily powers in toiling while they live must expend even 
when they are dead, and never cease to expend imtil they cease 
to be. And that is a period I, for one, wot nothing of. 
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INSECTS AND FLOWERS : TUEIE MinUAL KELATIOSS.* 

rbe at ODCo Vice^hftncellor of the University of London, UenAn it 
PikrUameat, and a leader among tlie many financJAl authorities of ditt 
centre of fiuanciiil epeculatioo, Loiubarii Street, is do tavna fwt; for M- 
Buredly anj one of these poaitions vould sntiBfj the amhition of roost nm. 
But when, in addition to these manifold distinctianfi, are cited the FeUowalU| 
of the Itoyol Societj, and the authocship of some of the moet inipottaiit 
papeTa and works on ethnogmphf and biology, we know nf but 
the long list of ntitumliHts who can laj clium to the puaition. And thtX 
man ia Sir John Lubbocli, the author oi' the excellent little work that 
under notice. In this book the author haa gi\ea, in part frnm hia own ob- 
serration, but principally TroDi Darwin's and F. Muller's able reaearchei, 
tolerably complete account, so far as we yet know, of the dilTerent caas^ 
Tancea by which insects ace enabled to feitili/e plants. He boa only I 
the flowering species in hand in thepreaent work, but hehas dealt with 
fully, and has given his deecriptions in such admirably terse and clear filf- 
lish, that almost any person, be he sdentific or not. can follow hia 
Firet of all be fi^Tes an account in brief terms of Mr. Darwin's resulti, ui 
shows how essential to plants is croa»-fertilixation, and in connectii 
the necesdty for insect action in the work of pollen-removing he 
remark of some interest from some of Mr. Darwin's writings, viz. tliat it it 
" an invariable rule that when a flower is fertilixed by the wind it 
has a gail;-col cured corolla,'' of which we have numerous examples ' 
conifers, birches, popkrs, and grasses. Then he passes on to ihe 
tion of the structure of the insects' mouth-parts and limbs, to ebow bO* 
tbey are employed in fertilization ; and here he makes the following intGTMt- 
ing observations : " That bees are attracted by and can disljnguisti colours wl* 
no doubt a ju£t inference from the ofaservationB on their relation to IIo«sn> 
but 1 am not cognisant of any direct evidence on the subject. I tbonghl il 
therefore worthwhile to make some eipeiimenta, and a setfCtino from tbenl 
will be recorded in the forthcoming volume of the < JoumiU of the 
Society.' I placed slips of glass with honey on^ paper of variona calonr* 
accustoming diiTerent bees to visit special colours, and when thi ' ' 

* " On British Wild Flowers, conwdered in Relalion tn losflcts." Bj K 
John Lubbock, Bart.. F.R.S., M.P., Vice-Cbancellor of the Unir "^ • 

London. London: Macmillan, lt<75. 
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.^^ ■ few raits to lionej on pnper of n particular colour, I found that if the 
^^K jKfsts were trtuuposed ibu beea followed the colour." 

^^H Full of iotereirt as these facta are, they are foUovred by others Dot less 
^^H mrpiEng. Take the case of the female humble-bee recorded bj H. Miiller. 
^^H He Mji: "She made several vain attempls to aucli the honey (from an 
^^^H Aqoilegial ; but after n while, havin); apparently satiaHed herself that she 
^^H *H nMble to do BO. bit a hole through the corolla. Having thas secured 
^^H lie honey, she visited several other flowers, biting holes through them, with- 
^^^f oat nuldDg any altenipt to suck them first, conscious Hpparnntly that she 
^B «u mkbla to do so." And this was not only n ^ngle instance, for Ilerr 
^t U«11«T hi« locorded several ^milar cases. Especially interesting are the 
h^K utbor't obsArrations on the object of peculiar bands of colour on certain 
^^H luwen, Sprengel, eighty years ago, referred in his splendid work, "Das 
^^^ ffitiJH^te Geheininiss der Natur," to this subject, ard iutiranted that in alt 

eibiUty those lines had referpnce to the position of (he honey. And this 
^^^ bwn home out by Sir J. Lubbock's inquiries, for he found that bees 

^^H Kgululy depend on these lines ns guides to the position of honey. For he 
^^H Atwtes, " I did not realise tile importance of thef<e guiding mnrks until, 
^^^B v experiments on bees, I saw bow much time thev lose, if honey which is 
^H put out for them is moved even slightly from its usual place." It would 
' ■*! iinpoiiiible to follow the author through all the natural orders, which he 

■'t*!* with as fully as there are materials in each group. But we way quote 
* few observations which appear to us of eonsidernble importance. And 
"Stly of the process of fertilization in the Uerberis, which is so well known 
'*«*iis« of the sinjfular manner in whicli its slamena move when they are 
**'**elied. Wo assume that our readers are acquainted with the flowers of 
'"»• by no means rare plant, in which the cross-fertilization is brought about 
y m curious contrivance. " The bases of the stamens aro highly irritable, 
.*''"1 when an insect touches them the stamens spring forward and strike tha i 

'"»»oL The effect of this is not only to shud the pollen over the insect, but I 

°'***^ in some cases to startle it and drive it awny, so that it carries the pollen 
' ' *»« acquired to another flower." The question of whether it is natural for 
P ■*«itB to be impregnated with their own pollen has been gone into with 
P* <-%ch minuteness by Mr. Darwin, and ha has arrived at the conclusion, as wo 
^^e already stated, that it is not the proper process. Sir J, Lubbock says 
^^1, by a series of careful and elaborate experiments, Mr. Darwin has shown 
*"**t tlie well-known flai plant (Liiiam) "is almost entirely slerile, vrith 
P*^llan of its ovm form. lie repeatedly placed pollen of long-styled flowers 
^** the stigmas of the same kind, and pollen of short-styled flowers on 
''^gmaa nf short-styled flowers, but without effect ; while if pollen of a 
'■'^ng^tyled flower is placed on a short-styled stipna, or ncc sfrtd, abundance 
^t ae«d la produced.'' Mr. Darwin has proved the same thing in the case of 
*-ylJiruin laliearia, in which plant he flnds that there are three descriptions 
^f flowers which he calls the ha^-t/t/ltd, vud-iti/led, and the shurt-ttijUd ; and 
4ot only do the styles differ, but the seeds, the size of the pollen-grains, and 
the colour of the filaments of the stamens. In this plant Sir J. Lubbock 
nj% Mr. Darwin has also proved by experiment " that this species does not 
Kt ila leeda if the viiuls of insects are prevented; in a slate of nature, how- 
^^H enr, the plant is much frequented by bees, humble-bees, and flies, whicli I 

^^HplwftTtalightontheuppersideDf tiieflowors,ontheatAiuenBu:iiS,^\a^. %. j 
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DftTwin bas ahown that perfect fertility con only be obUined bj f« 
«iich form with pollen ftom pUtila (ttmnentt) of the convBpondiiig length." 
All through the work is full of matter of absorbing ialere«t ; and it t$ 
abundantly illustrated itad exceedingly well printed — two niAtt«r« by ao 
moanHof imimportance. We eitn only sbt, in concluding thia imperfect notiw, 
tb&t we have Tory seldom taken up a book tlmt ve hfire reind tbiough iritli 
eo much pleasure, and indeed bo much profit, as Sir J. Lubbock's "Brttidi 
yfAi FlowBM." 



NUMBEU, AN ARGUMENT FOR A GOD." 

ADMIRABLE as were Ihe argumeiita ndopleJ in (he several " Bridgv 
water Treatiaee," and popultir though they were at the period af thai 
publication, tbera can, we think, be littld doubt that few nnionji: the emi- 
nent sdentiiic thinkers of the present period put much tatlL in them. And 
yet in the little work which ie now before ub, nn eminent churdunnn, wi^ 
the best possible intentions, and with a considerable amount of fidrnew, 
goes once more over tba eamc ground, and fancies that ho prnre* 
conclusively the esistence of a Ood on the old and exploded principle of 
evidence of design. Indeed, we ore Bomewhat surprised to find one who !l 
eminent in his church leaving aside tbe subjects on which be doubtlcM 
could do much that is good, to wander out, and go so hopelussly natmy, in 
the very wide and almost boundless fields of scientific speculation. Be it 
tlistinctly understood that we do not enter on the question, la thereaOod? 
We think such a subject one unfitted for the pages of a journal like tbtfc 
And what we wish to observe is, the fact that Mr. Girdlestone'a argument ti 
an utterly ftillaciouB one, though to many minds it will be doubllcM con- 
clusive. But let us Rsk him, tlow could you have anything else than onla 
&nd regularity in the ciercise of those laws which govern the world ? Lrt 
lis now suppose, for the sHke of argument, that there has been no Creator. 
How could any law which did not work in the moat perfect harmony with 
every Other law have any existence P We may suppose it poasibln that it 
one period of the world's history some law may have esisl«d, for ■ 
abort time indeed!! which was wholly at variance with its fellows. But 
Hurely hero would occur an example of Mr. Darwin's well-known rul*. " the 
survival of the fittest." Clearly it could but exist for a very momentarjr 
period indeed. And yet the writer thinks, the facts of number an argument 
for a Deity. IIow shallow is such argumentation. How could the worldgo 
on if there were a series of taws which conflicted one with tbe other? Of 
9 the battle would ensue between the adverse laws, and the weakici 
one must cease to exist. If Mr, Girdlestone was more of a student ut 
Nature, and less of antique works on biological philosophy, we aboi 
have had the preaent essay for 
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rdo not doubt that Professor Von Cotta haa given a cnpitfil accoq 
-f the deTcloptnent-lnn of the earth ia his " Geologie der Qegeowall 
Wwc tbiok the tranektur has fuilud in his efforts to put the matter he^ 
tha English public. We nre oertujnlj far behind the French in lucidityi 
ttprMsion, but we are infinitely before the Germans in th«t particular. M 
Unrdnre a translation should be eomething more thnn a literal renderil 
ofllepiituliar pbrnBea of tbo original tongue. Yet the preaent work, 
iiuHy tnjlhing more thnn such averbatim traualation, and is in fact a WOJ 
nan- difficult to r«ad than the original. The person who tmnslated 6 
"WeGebensie" into"now go they ?" would doubtlesfl have nothing ) 
Mum himself in the sense of literalness of rendering ; but he surely woij 
■wt be commended na a translator. And though we do not assume foE 
BDnieiit that Sir. Noel has gone so far as this, we aimply urge it as I 
emnple. Take the following sentences, for instance : " In the orgaai 
Ktia, summation of results has not only given new single forms, sgreei]| 
*ith the ever-increaaing nianlfoldnesa in the conditions of their existenci 
™t »lio, in some of them, an ascending- organisation." Again : " Ev8 
"Utiapberic currents, and with these cUmaticol ctrciimatances, are all 
F^ti^ly thereby conditioned." And, "It is plain that in this way man] 
^Idne» of formation was exceedingly increased, and to a certain eitel 
"kewiw Bummation applies to the results of these processes." These M) 
'^^Wss prove how incompetent was the writer for the task he took in hand 
*f the little book ileelf ne have nothing but commendation to offer. It 1 
* tiioughtful sketch of the history of the globe, from the time when if 
'ttftbiials fiiatgave up their nebulous form to itacondition atthepreHntdAj 



SCIENTIFIC AND GENERAL ESSAYS.t 
& IR IIENUY HOLLAND was a man of whom the profession to whidi 
^^ be belonged — that of medicine — must feel a conscious pride. And thl 
(lot only for the curative ability which he undoubtedly posaessed, hut fa 
tlie manner in which he departed from mere medical pursuits and eudoA 
*Qured, by a aeries of travels over almost every part of the civilised glob« 
to take in alt that science, in the widest sense of the word, was attemptiil| 
to do. And in saying this we are giving him, even when in his prime, thl 
highest prtuse that it is possible to urge in his behalf. On the other hand 
ire must with equal force admit that he owed a great deal of his succen 
I* a thinker to the people among whom he lived and moved in societf 
And it must be confessed that even as a thinker he was far from beinf 
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oiigioal; and tbnt he by no menns went further than n certain fiishiaiisbli! 
cirde do at preaenl, wLc, knowing ih^l a few undeniablj- great men bold 
opinions that are Atheistic, fo with them to a limited extent. In a woid, 
Sic Heorj Holbtndwas a nell-infunned, poliabed man, and nhove ei\ tbio^. 
be was a man of the world. But it must from the outset be clearly under- 
stood that he was no thinker. In the dajs of Uiilileo he would, we doubt 
not, have been on the persecuting side. Then, as to thia volume before nt, 
what is our opinion of it? We must say unheaitatingly meet unfaTOor- 
«ble. Had we indeed no better sample of what the author waa able to 
produce, oui verdict would have been that he was shnltow, though well' 
informed ; and we cannot conceive anything: but a son's pride in his father's 
work, that cuuM justify it« publication. We see in it indicatioiiu of the 
mental deterioration of the author ; and we cannot conceive aayone aare 
• relative — whose naturnl sympathy would exceed his reason — cunseoUng 
to the issue of the book. We have only read some seven of the enays 
the volume contains, but these were pnpers on subjects requiring a powca 
of condensed thought for their just development. Aod what have we found? 
Why the merest shadow of mental power. A sort of butterfly-like flickei- 
ing around the aolid flame of clear reasoning force, and an inability to grt^ 
(wwerfully the questions stumbled over often enough. Yet in nil the« 
papers — even in his last contribution to literature, which appears in tb 
naturally unflniahed state in the preface written by his son — there is • 
vast mastery of slyle, which he possessed to the Inat. And of this it is diffi* 
cult to speak or write too highly j it is characterised by cleameaa and forci- 
bleness to an extreme ; and for that reason atone these his last essays an 
pleasant reeding. But as any addition ti philosophy they are indeed biintt 
in the moat extreme degree. 
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rIS is the firi>t of a series of publications of the fossil or(ranic 
Victoria, prepared by the able and indefatigable paJteontologist, 
JblcCoy, corresponding in plan with the decades of the geological surveys of 
Engliuid, Canada and India, and will contain ligureA and descriptions of tlis 
more characteristic fouila of each formation found in tbe colony. Ths 
present number contains notices of some species of graptolite.'', which m 
interesting, not only as proving that the gold-bearing reef^ of ^'ictari« aie ot 
lower Silurian age, but tbnt many of the forms are ideulical with spMJet 
eccurring in the lower lilurian rocks of the British Islands and tTuiUd 
■Slates of America, thus showing their world-wide distribution in 
the old geological time ; even the Itomana obtained their gold fVott 
(^uartx veins in »lates at Gogofau, North Wales, of the same geological 
Age as the Australian formation. Three plates illustrate an extiact 

• " ProdromuB of the I'alitnntology of Victoria : or. Figures and Deacri^ 
tiona of Viclorian Onranic Remains. Decade I," Byfredurick "" — 
F,G.S. Melbourne: 1^74. 
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F ItHil WDiabM, from the pliocene gold drift of Dunollj, closely related to 

th Hatcoiom^t MilchelU Oio, &am the WeUinfrton CHvea in New South 

Wilw. ProfeMor McCoy conudeiH these ^Id drifts are not alluTial, but of 

itt Rocient pliocene tertiary period, at least ns old bs thu nisinnui- 

fireroni crag, mnd corresponding ia nge with the gold drifts of the Ural. 

¥liiteT«r Tatty be the age of tJie Australian drifts, we should take excep- 

fta to the Unil gold drifiB being placed in the crag period, and rather refer 

a a Islei geological age- For, as remarked by Sir R. Murchison, the 

Ut^im detritus contmns in man; places remains of the same extinct fossil 

^udiDpeds OS are fotmd in the coarse gravel of Western Europe. The 

BUBiDOth, Bm aunxkf, Hiuiioceroi tickon'tms, and lunnj other mammalia 

nnnquestionBbly contomporaneouB deniitnB of Europe and Aeiii. Aa 

R^eeti Siberia, fhej appear to have been exterminated, if not simul- 

ttKwuly, at least previously to the existing cooditions of the earth's surface 

a the Dortbem hemisphere, the Hm naroc/ia being tlie only one of theaa 

buge uimnls which, as far as we know, has been preserved to our daje. 

Specie) of vulutidiB are described, some of which indicate repiesentatiTe 

Films of the English Eocene tertiariea, although belonging to different sub- 

frsen; also new species of peculiar cycadeous plants, from the mesozoic 

nalitnia; a paLeoxoic lepidodendron from the cnrboniferous sandstone of 

Qippiliuid, which is scarcely distinguishable from the L. tetragonum, Stemb., 

of ibe European palaeozoic carbonilerous deposits, and is probably identical 

^tli K plant from QueenBlaiid, referred by Mr. Carruthers to the Devonian 

£. nolSum : and two remarkable starfish, from the upper siluriau rocks 

Wongiag to the genera petrnster and uiasterella, the latter form nearly 

dilated t« the Urruter Eutliveniof the upper ailnriau grits of Westmoreland. 

tlia determination of the P(ilieo?ic foswls by Professor McCoy fully corrobo- 

iitra the anggestioDS made some years since by Mr. Selwyn and his 

^oUwgnes, derived from their laborious atratigraphical investigations as to 

Ue age of the gold-bearing rocks of Victoria. For Mr. Selwyn remarks, in 

tltg published Report of 18C3 — although he has nut been able to detect any 

ergaoic remains in these rocks, and has therefore no good evidence as to 

their precise geological age, but, judging from their lithological character 

tod general appearance — be should consider them to be the equivalent of the 

cunbrian or lower eilurian strata of Great Britain, portions of which, as seen 

iQ North Wales, they precisely resemble. And agun, in the Report for 

1354, reiterates the same opinion, from having found abundance of organic 

remuns both in the auriferous rocks of Mrlvor and in the clay slates, shales 

and sandstones near Melbourne, of which fossils ti list of some genera and 

species were given ; from which it appears that the labours of the geologist 

in the Seld were confirmed by the study of the patieontologiat in the cabinet. 

It is the description of some of the specimens from the collections mads 

b? the stuff of the Geological Survey of Victoria, under the direction of Mr. 

Selwyn, up to 18U8, which form the subject of the present memoir, and 

which we hope wiU be as ably continued by Professor McCoy, 
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ox SPONTANEOUS GESERATIOX,' 

rpHERE ia perhaps no subject in the vhole nide ntsgo of biolopal 
A. speculation od n'bicli so much baa been wrilteo, so manj- eminefit 
men have tnken part in ardent controTeray, or 'which boa engaged scientife 
attention for so long a period aa that of (the now somewb&t diaused tMs) 
apontaaeouB genenitioo. We hflve bad alieady two hooki on this i 
important process b; Dr. Siutinn, and now we have a third, nfaich ooe 
in great meaaure of a Knee of papers wbick have appeared during the pail 
twelve months in the " Contemporary Review " and in the " Proceediogl of 
the Itojal Society." We have hod to pronounce on the whole a somewbu 
unfavourable opinion upon the previoua writinga of this eavaot, and no* 
we have to review the la^t evidence he hna offered on this olmoit 
demoDstrohle propoaition. Dr. Bastian has received man; hard blows n 
thia controveiBj, but bs haa taken them all eaulj ; and what ia man to \k 
credit, he docs not appear anxious to return the blows. Indeed hia bo^il 
written in the best poeuble temper, and that ia saying a good deal o(i> 
eidering the nature of the struggle. We maj state at the outaet that It 
aeema to na as if the author might have said evei^tbing new that be In 
got to urge in favour of the doctrine he has taken up in at the ul 
twenty pages; yet his remarks extend to no less than 166 pp. Thigiatol* 
regretted ; for many men thoroughly competent to judge of the evidence in 
favour or against hia views will, we fear, throw the hook down in wralh- 
However, it can't be helped, we suppose, and we muat accept his argunienli 
aa they are given. But what, it may be inquired, has the author added to 
our knowledge of this subject? And to thia question we cannot answer 
TCTJ much. Indeed, it appears to ua — who are thoroughly impartJil 
critics — that the whole book, so far aa anything new is concerned, ia to be 
read in about a quarter of an hour, from p. 1C8 to p. 184. And what dc 
thia portion tell usF Very little indeed. It abonsuathat two esperimentt 
were tried, in one of which " a strong infusion of turnip was rendemd 
faintly alkaline by liquor potasaee," and a few bits of muscular fibre of i 
cod were added. In tbe other " a strong infusion of common crees, U 
which a few of tbe leaves and stalks of the plant were added," wa 
Bubstance experimented upon. In both of these experimeole the liquid, wilh 
its contents was plBcediuabermetically-aealed&askand beatedonadigMttf 
to a temperature over 330° for an hour, and then kept at a temperature of 
70°-80° Fahr., in one case for eight, and in the other for nine weeks. Nott 
what was the result? Dr, Dastian found that both tluidd, which i 
rendered very slightly alkaline before boiling, had become decidedly add, 
and that they contained a flooulent deposit, which deposit was examined 
nndei a jS; inch immeruon objective and gave results which are depicted !a 
a plate forming the frontiapiece of the Tolume. This plate shows bacl«iis 
peculiar mocnd-looking bodies, and what Dr. Baatian considers U> bi 
"Torula corpusclea" and "Fungus spores." Now, in the first place, ws 



* "Evolution and the Orirai of Life." Ity H, Charlton Baslig 
M.D., F.B.3., Profeaaor of Pathological Anatomy in Unirnsiq; 
IfOndon: MacmlUnn, 1874. 



im lo ask, is it posnble tliat no aperture existed in the fluk ? Rnd to t 
lie MthciT Mj« DO, for oq appl;iii|{ the bloir-[upe it was found Uiat lh» 
glu was dmwD in, tbare of courae being therefore "a partial vacuum" 
jmiJQasl;. This may b«, but of course one knows how readily gUa? would 
lie blown in by the blowpipe even if no vacunin were there. However, wa 
lelibstpnss. Then there arisea the questJon, IIow soon after the fiasks were 
ipened were their contents eiamined? We assuniethatitwasimmediately 
nfter ibey went exposed to the sir, .but the author does not ftatii so. 
1 hen again, when were the drawings mnde ? was it immediately, dr woe it 
line time after? These all appenr small questions, hut tbt;y have a 
< 'D^iderable imptirtance. Lastly conies the most important query of all, 
! ii)W do yon know that your temperature was aulficient to deatroy lift ? We 
nre aware that Dr. Baslian will reply, " Decauae I find that a lower tempera- 
lure waa suHicient to destroy those very minute animals — those mouadd which 
bad be^D developed In the ilaak." But theo we would inquire, IIow do yoa 
know that you destroyed by your application of L'SUTahr-forabout an hour 
not only tlie parent bacteria and other fully developed organisms, but like- 
wise the young offspring of these !" That is the point on which we think 
Dr. Bostian's argument is weakest. lie may have destroyed the parent 
Vtgitoiam*, but how does he know that he also destroyed their germs, Por 
we know that they will— from analogy — tolerate a higher temperature than 
their parents without undergoing the slightest injury. So far as we can 
see, Dr. Ssstian has made one point in bis favour, but it is n very slight 
one, and it must be further developed before we shall be content to hclieva 
in his hypotbeus. 



H A NEW MODE OF LEARNING PHYSIOS.* 

^rn-HETHER the plan 
■ • eucceasfiil one, timi 
which we can highly commend is altogether unquestionable. The hook ia 
upon experimenlal physics, but they are taught after a, fashion perfectly new in 
this country, and which we trust may prove in the highest degree successfuL 
It is at once a book in which are combined the knowledge to be derived 
from the lecture-room with that from the purely physical laboratory. Pro- 
fessor Weinhold, of the Koyal Technical School at Chemnitz, has been at 
great pains to construct a book so that the student shall not only leurn the 
principles of the science, but shall have the opportunity of putting all those 
prindples into practice. This ia done by first expluniug the scientific facta 
and then showing the reader how he may sot to work to put the ideas he has 
learnt into foree. Of course, in order to work properly nt sia'h n book as 

* " Introduction to Experimental Physics, Theoretical and Practical, in- 
cluding Directions for constructing Physical Apparatus and for making Ei- 
periments." By A. F. Weinhold, Profeesor nt the Iloyiil Technical Si'hool 
at Chemnitz. TraniJated and Edited by B. Loewy, F.K.A.S., with a Pre- 
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by Professor O. C. Foster, F.RS. ; 'illustrated by three coloured platei 
404w ^ ■ ' ' 



4 woodcuts. London : Longmans, 1675. 
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this, Uie studeut will rcqiUK a Ufge ftmount of tools 'niid appftrntut, uid 
conHitlerable degree of putienca and peneTennce. A list ia giveo of ttw 
inalnimenu required, nith Uie cost of each, so that the reader vbo am offind 
it end has time to allot to the labour, may set about studjing experimenal 
phj'sics B.t once. But ve fear the needy man will have the diSicult; of i 
in his way, and this of course niny deter him from the nndertakitifc. Bat 
ve do Dot see why, either at college or in an advnuced school, a enbicriptka 
might Dot be g^t up by various students, and so the expense would be trifling 
while the adv&ntage would be as great to all. The book before 
considerable dze, being large 8to. and extending to pp. S50. It deals with 
the subjects of mechanics, hydroslnlics, poeumntics, light, electricity, g»l- 
vanism, &c., luid heat. And these several branches are dealt with rery fully, 
and with ample illiislratiou^, and appended remarks as to the nature of tb 
work which must be done by the student in preparing for experiment, ll* 
«ditor, too, Mr. Benjainiu Loewy, F.lt.SA.,hHs done his work with cars, sod 
has given an admirable translation of what mtiet have been 
task to render in Ivnglisb. The prBfitce by I'rofessor Foster shows the Isir 
portauce of the plan wUicli Herr Weinbold adopts. 
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ertainly did not think that so much could be said o 
tbia volume as the book contains ; but we have been eiiUghtened, lai 
that, too, in the most forcible manner. It must be admitted that the WOV 
wliich Air. Cooke has completed is a most valuable one; and, in addition) >> 
most interesting reading. He has written a full account of fuiigi, lluv 
nature, structure, clasuGcation, uses, notable phenomena ; tbeirspores, ger- 
mination and growth, sexual reproduction, polymorphism, inHuence M& 
elTcuts, habitats, cultivatioo, geoftraphical distribution, and lastly their collec- 
tiou and preservation. It will be seen from this list of contents that it ' 
essentially a work on the natural history of the fungi, one which deals with 
their monnei-s and hsbils, and not one which has to do in the slightest ^ 
with spedes. It is therefore a book which everyone who loves UalogT 
must procure, and it is one too which any person who has an ordinary En^iift 
educslion mny read vrith the greatest advantage to himself That it a 
have a large sale is unquestionable ; for it is the only bonk of the kind m 
know of, and it is written by the very highest authority in tht- country m 
one, and that one (Mr. Berkeley) has gone over the proofs, and added DC 
here and tbero. It covers about 300 pages, and is illustrHted by more tluw 
100 woodcuts, which are taken from the writings of men like \aa 'neghsDit 
Greville,Boudior,DeBary,TuIn3n",0urrey,&c, Ofallthevi " 
every one of which is full of interest, there are two or three to which « 
may specially refer, as they nppear to us to be pee-eminently good. Aad 



" Funri : their Naturi 
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iret we would refer to the section deroted to ao-called notable j 

'jJer this huadiajc we are treated to a very exbaustive account of the pecu- 

. ki jihosphoreBCcnca of [nup. Among many quoCatioDH ia ooe from Tulasae 

.i.IenMt, which (diowB that almost all porta of the fungua 

• ■f brilliant with phosphorescent light. He Bays, "Among the Bret 

■..iric* which I examined, I found many the stipe of which shed here and 

ri' ■ li^ht as hrilliant ni the hymenium, and led me to thick it was due 

I lii^ uporea which had fallen on the snrlice of the stipe. Therefore, being 

L :lie dark, I scinped with m; scalpel the luminous parts of the stipe, I 

: J not sensibly diminish their brightness ; then I split the stipe, bruised it, 

■ iiied it into small fragments, and I found that the whole of this mass, even 

Li its deepest parts, enjoyed, in a similar degree to its superficee, the pra- 

jwrty of light." And Mr. Cooke cites many other esses both from hiii own 

i aperience and that of others, of this curious property. We should hava 

kni^Mi had he been able to give us n fuller account of the chemistry of 

Iht process, though we doubt not it is dimply, as Sir II. Marsh showed ii 

tbe me of animnl luminosity, phosphorus slowly combining with oxygen. 

Mr. Cooke does rot sppear familiar with Mr. Sorby's curious researches on 

ILe 5abj«:t of the spectm of certain colouring nintltrs in plants, some of them 

1 l:..-i tt* think, but be has recorded several very interesting facts nevertheless. 

! ' liic chapter on the intluences and effects of fungi the author mentions some 

'-'V remarkable instances of the poisonous action of these plants, one case, 

ilut of the Fly Agaric being exces^vely singular, viz. that to Englishmen 

it ia eiceseitely poisonous, while the Russians eat it freely. We would 

^uola a portion of the last chapter, but we have already exceeded our 

■United space, else we should like to have given the author's advice to the 

oliurtof of fungi. But after all it is needless, for we are sure that all whi» 

*n iDlerested in the matter must procure the hook, which is not only tha 

lit work on the subject, hut is as good as a book can be. 



■ DESCENT AND DARWINISM.* 

HEKE is a hook which contiuns nothing new, but which is nevertheless a 
moat valuable addition to our literature, fn>m the extremely able and 
wiihal eiceswvely popular manner in which it puts before the reader some 
of the greatest speculations of the age. It is esaontially a Darwinian type 
of hook, written by one who is familiar with theaiibject ; and if it has been 
written in English by its German author, he is assuredly a master of our 
tmgue. There is not a passage iu the work which is not (riven in the 
matt excellent English. The first few pages explain tbe author's views, 
•od Rhow us in B moment the style of matter that we may expect. In 
these Professor Schmidt takes very severely to task the words of Luthardt, 
in which it is asserted that in concidering questions of ethics we must adopt 



* "The Doctrine of Descent and Darwinism." By Oscar Schmidt, Pn>« 
feasor in the University of Strasburg. London : King It. Co., 1870. 
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a diSereot method to that of natural «ci«Qce, for its drmnin " is tilghi 
tliat or pbyaicfl, and theccforo a higher causslttv, which phf«ii» htw i 
rifflil tit critieite, has euspended the chain of caubo imd effect with <nhi< 
you HJiatomiat^ nre fnmiliar." Ur. Schmidt ia uf quite n diiTerent opinia: 
holdlog the view of Pico della Alirauda, Ihat philosophy seeks, thuolgg 
finds, and religion possesses the truth. The chnpier en the pbeoot 
reproduction, tboug-li it is sboTt, shows the writer to be po&sessed 
most modem views on tbo subject, for wo obserre ihiit he plutes the spoiin 
close to the Ccelenterata, where Iliechers and other researchea show 
they should be mnked. The subject of prophetic types is also sever*]; 
handled by the a utiior. Spcakingof AgnsBiz, hessys: "The pterodac^let^ 
for example, supposed to stand in this relation towards the bird. Dk 
this quibble aid in the comprebensLon of either one or the other P I 
nAturfd,idea obtained if, besides the prophecy of the pterodactyl 
geologically antecedent insect is regnrded as its prophet, or the bird ai llii 
forernnner of the bat There u no soik at all, imleti the prophet hecomtiAi 
progenitor, which in thae catet cannot be sup]tuted." All tbrough is the bode 
most interesting reading, nnd it will be thoroughly admired by all llnw 
who sympatbiae with pBTwiniam, having many of the advantngu ind 
of the abuses of Louis Buchner'a well-known work. 



HAnVESTIKU-ANTS AND TRAP-DOOR SPIDERS.' 

IT is with the deepest regret that we bnve to announce the death ottli* 
distinguished author of this supplement to a work which will erei lii^ 
among those who are interested in nntural history pursuits, as a marvel of 
the draugbtman's skill and the natural bibtorisn's writing. Toward tbe dw 
of the year Mr. Moggridge passed away, n victim to that plague of miidtfB 
diseases— phthisis. While he lived, however, there is no doubt that li» 
worked, for this book was issued just before his death, and was intended »* 
•ort of supplement to his larger essay on the same subject. Here will ha founJ, 
sa in his earlier volume, most marvcilously natural drawings of tbe aevMll 
curious forms of dwellings of the trapdoor spders, which be had not desoibi^ 
in the earlier work ; and the book is full of bis account of the nests ani' 
the habits of tbe peculiar harvesting-ants. It is further supplemented bj 
account, in technical terms, of the spiders, which has been drawn up by 
Bev. 0. Picanl-C am bridge. It is a wonderfully graphic deecriptioD tluil 
irbich the author gives, and we defy anyone with n uatiirolisi's tnttcs 1> 
read a page without becoming engrossed in the subject. The following m 
a series of remarks which Mr. Moggridge has put into a categorical ibi^: 
and which are of great use ; — " (1) Do anij anta collect and store seed '• 
Switzerland, Germany, North France, England, or indeed in *ay of til 



• " Supplement to Harveating-Auts and Trap-door Spiders." By .t T. 

"-^gridge, F.L.S., F.Z.S. ; with Spedfic Descnptjons of the Spiders, by ihi 

r. 0. i^card-Cambridge. London: L. Beeve, 1874. 



» p«tft« of the ■votU ? What are the habits of Alia itrnctor and A. 
a vrhen living m tbe^r nre known to do in Switzerland, Genuanj, and 
liera F«ujce P How do the ant* contrive to preaerve the seeds in their 
i free from germination and decay ? How are the Beed-«tore« of 
1 ants disposed below ground, and of what do they consist? and 
t&J, Do barvestiog-anta exist in the southern states of North America, 
p Anitralin, New Zealand, or at the Cape ? " The book sliows how mucfa 
f be done by anyone who will determinedly Tollow out a course of na- 
il lustoty studies ; for here an invnlid has, bv conalaat research, produced 
e wbicfa is of the very highest interest and value as un addition to 
b«i»lu on practical investigation. 



RELIGION AND SCIENXE.* 

SRTAINLY it is long since a book with such an important bearing on 
' society and so thoroughly scienlitic, and therefoi'o ioipnrtia!, was placed 
_ fc the hands of the British public, ss that of Professor Draper's " Conflict 
^tveen Keligion and Science." And assuredly very few men could have 
^en found so thoroughly able to criticise the scientific side, and yet to enter 
Treely upnn the literary, aa the learned rrofeasor of Physiology in the Uni- 
Tersity of New York. Dr. Draper has shown, both by the publication of an 
idmLnble book on phyaiolopy and by the issue of a work which is now in 
Hmny modem laagTiages, " The ILiatory of the Intellectunl Development of 
Europe," that he possesses in no ordinary degree the kind of skill required 
ia a nrit^T on such an important topic na that he has taken in hand. And 
he has exhibited hia power, we think to the ^'reatcst extent possible, in the 
construction of the present book. And what, it will bo asked, has he done F 
It is certainly hard in a very brief space to point it out, but nevertheleas 
we shnll endeavour to indicate what the author of the ^vork before us has 
lioae. First, he sketches the early introduction of science, which he clearly 
shows was due to the -Uexandrians, and this was prior to the introduction 
of Cbrislionily. Then he dwells on the influence of Christianity, and 
shows bow one of its first eflects was the extinction of the Alexandrian 
schools. Next be points to the eflbrta of MuhammedHnism, and proves that 
it waa in the main the doctrine of the unity of Ood, and shows how it 
severed much of Asia and Africa, and also Jerusalem, Alexandria, and Car- 
tluge, from the Roman empire. This event, be tells us, was fiUowed bj 
the eetohlishmeat of schools, colleges, and libraries throughout the dominions 
of Arabia. The result of this was "a second conflict, that respecting the 
Mtur« of the soul. Under the derignalion of Averroi^m there came into 
prominence the theories of eroanation and absorption. At the close of the 
Middle Ages the Inquisition succeeded in excluding these doctrines from 



• " History of the Conflict between Religion and Science." By .Tohn 
William Draper, M.D., LI«D.. Professor in the University of New' York. 
London: Henry 8. Einp, 187o, 
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l^uropo, nnd now the Valicnn Council bns pcraoniill; and solemnly uiUhi 
matised them." llvanwbile Q&lileo led the vaj to Another overtlvow i 
the cliurcli li; briaging it to confess that his idem mid not its were correi 
Then cnme the mig'hty power of Luther and the Iteformation which b 
left at leoat one-third of I'^urope. and tbnt the conquering third, excluNTel 
Protestant. Profeo^or Uraijer thinks that we me now in the aune poailia 
that Arabia had rcneljed in the tenth and eleventh centuries, and that li 
questions which now are f»r dincoa^on are Eeolulion, Creaiian, and Dectlitf 
meiit. Ilowerer, ive don't quite agree with him in this opinion. UndoubtAd) 
the qnestion at present that engages attention is evolution, but wu 
coiiceire that the Arabn of the eleventh ceaturj liad reached that doctrini 
BeddcB hie account of those several peiioda of the world's history, wllil; 
is given in glowing and eloquent language, the author adds three chapi 
on the following questions which, are of extreme interest. These i 
(I) An eiamination of what Latin Christianity has done for modern cinl!* 
zntion : (2) a corresponding examinnti'in of what adence has done ; id 
(3) the attitude of Boman Christianity in the impending conflict, i 
fined by the Vnticnn Council. On all these points those who are snffideatl; 
impartial to give ear to an unbiaaseii hut clever observer will read whtl 
Professor Proper has to say. Those who are undevoid of prejudice will, ii( 
course, not receive nnything that is opposed to their pre-existing views. 



THE PROTOPLASMIC THEORY OF LIFE." 

11/ E think it is to he regretted that Dr. Drysdnlo should have attGiuptid 
' ' eucb a book as this, for it certainly leaves the matter he has taken up 
exactly where he found it. Still it is an unquestionably clever work, which 
discusses the various views that are held on the subject of life, by nj _ 
aeboola of thought, with a great denl of impartiality. But tho author mi^ 
have stud at theSrstthat he believed in a God, without any argument utto 
in his favour or in oppnaition from scientific matters. Then the reader wooU 
not have eiclwmed. Why is so much science broughtto bear i ' 
Dr. Drysdale discusses nothing thnt has not been over nnd over ngun trtatad 
of, and he is just as enlightened on the question of protoplasm fts any nf a. 
Wo think it is a pity that he should have given up so miu;h time li> tbt 
composition of this book, when he might hare expended the time, u be bn 
done before, in valuable microscopical researches. 



• "The Protoplasmic Theory nf I>ire." By John Drvedale, M.D.. 
F.R.M.S., .\utbor of the " Phvaobgical Action of Kali ftichromieUD.* 
London: Ballifre, 1874. 



THE FLORA OF COLORADO/ 



'priE geolojpcal surrey of the Territories under the directinn of Dr. F. V, 
J- Hnyden h not raerel; rcBtricted to pure geology tind geoj^aphy, for the 
other branches of nntuKl hiatorj are eqimllj and cfirefuUy ntteaded lo. 
The " Synopsut of the Flora of Colorado" has been prepared by Professors 
Porter nud Coulter &om collections chiefly nmde during the progress of tba 
•urrey in 1801 and succeeding j'ears. llore thnn l,2-30 species are 
enumerated, ot which dpscriptions, as -well as of the orders and genera are 
giren of those not contained in " Cray's Manual " and iither botsnias of the 
States east of the llisfigsippi river. 

The greater a umber are Fbicnogamoua plants. There are twelve species 
of Coniferai, and about thirty vascular cryptogams; tbo 1.10 species of 
RUMBea are descrihrid by Professor (jcsquereux, which, conaiderinjf this clas-s 
of plants was not made a specialty by tbe botanical collectors, as well as 
the catnparativD bareness and absence of humidity of the eastern slopes of 
the Rock; Mountiuns, forms a. rem arliably rich and interest:n(r cataliijiiie. 
The lichans and fungi are described by Jlessis. Wiltey and Peck. The 
work is intended to be a type of a series of " handbooks " of differe'nt branches 
of natural history, to be published from time to time for the use of ntudents 
■11 over the country, and forms a Tnlunble contribution to our knowledge of' 
the Bora of the ref^on. 
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r[S number of the " Reliqui(e " contains two or three very interesting 
papers, one jiood plate of flint weapons, and Beveral remarkably excel- 
Imt woodcuts. First is a translation of 'SI. Lartet's paper on an elephant's 
etrred tusk, which is taken from the " Comptes Rendus " of the French 
Academy. Then follows a paper by thn editor on a curious carving of a 
l^uttou on an antler from one of the Dordogne caves. This contains an ex- 
cellent sketch of the glutton, drawn Ijy Mr. N. L. Austen, who, we regret to 
My, has died through a horse-accident before this number appeared, and 
"ho was the author of an excellent paper in this number of the " Iteliquite" 
na the " Scandinavian Reindeers." The final communication ia by M. le 
Dr. H, E. Sauvage of I'nris, on the subject of " Fishing during the Reindeer 
I'eriod," which ia a very good paper, containing some startling fishing 
■uticaby Ur. Lord. 



" "Geological Survey of the Territories. — Miscellaneous Publications, 
No. 4. Synopsis of the Flora of Colorado." By T. C, I'orter and J, "" 
(.oulter. Washington, 1874. 

flteliquis Acouitanicffi." ByE. Lartet and H.Christy. Edited bj3^ 
Uupert Jones, F.R.B. Put XV. London : Williams & Norgate. - 
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** A Dictionary of Physical Science." Edited by G. F. Rodwell, F.RA^^ 
F.C.S. Ijondon, K Moxon, 1871. — "Wo do not know why this book was 
not rtcnt to us before, but it is better late than never. At first we were dis- 
])osod to underrate it, but now must confess that it is exceedingly well 
done, and is a really admirable dictionary of physical science. We have 
only one objection to raise, and that is as to the type it is printed with. It 
is intinitoly too small. Among^ the contributors are Mr. Crooked, F.RS^ 
lV)fessor Ciuthrie, Mr. I^. A. Proctor, and Mr. C. Tomlinson. 

** Synopj^ia of the Acrididso of North America." By Cyrus Thomas, 
Ph.D. Washington, U.S.A., 1873. — Here is an admirable work in 4to., of 
lHK) pagt*!«, which deals in the fullest manner with the grasshoppers of the 
Unittul Statos. It is preceded by a description in full of the anatomy of the 
insects, and is followed by an excellent plate and a valuable glossary. The 
in^'iit bulk of the volume includes a description which is full and exact of 
the sovoral spi'cies of this group. It is to bo followed by other works on 
the botany and ii>ology of the United States, by equally competent writen. 

AVe have roooivod the following : — " The Philosophy of Voice," by 
Uharios I.unn (London, Balli^re, 1874) ; <<The Transit of Venus : its Me«i- 
ing and Use," by T.Budd, F.K.S.A. (London, Longmans, 1875) ; " Profeswr 
Volkmann on Antiseptic Surgery" (Edinburgh, Oliver & Boyd, 1875) j 
'* The Patent (juostion in 1875," by 11. A. Macfte (I^ndon, Longmans, 1875); 
*' Asinstic Uholora, 1874," by Surgeon-Major R. Pringle, M.D. (Edinbuiigb, 
Oliver and Bi»yd, 1874) ; "A New Method of Signalling on Railways^" hj 
Sir David Salomnns (Southborough, Baldwin, 1874). 
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ASTKOXOMY. 

n^RANSJT of Venui. — Since our last Summary appeared, news, more or 
less complete, haa been received from nil Btations. The following list 
of stations, partly taken from one compiled by tlie Astronomer Royal, in- 
cludea all those at which obaemitionH were autcessfully made : — 



—Honolulu and Wwmea. 

— Pekia, Cbefoo, Saigon, Kobe, Nngaaaki, and Yoko- 



China and Jnpan.— 

Jitutia iH ^nVi.— ^\^adiwoatock, Arianda, Taehita, Nertscbinsk, Possiet, 
Itaborowka, and Kiachta. 

India. — Iloorkee, Indore, Calcutta, Korraclie?, Moollan, Musfioorie, Um- 
bolla, and Maddapore. 

Syria and JVjin.— ItejroutjIsipaljaD, and Tehernn. 

Egypt. — Mcikaltam Ilei^^hts, near Cairo, Alexandria, Suez, and ruins of 
Luxor, Thebes. 

S.E. Europe — Clausenberg, MnroB Vasarbely, and Jaasy, 

Jaixi, — Buitenzoig. 

AttUralia. — Adelaide, Metboumo, and Sydney. 

Tntnumin. — Hobart Town. 

Nmo Zailnnd. — Queenstown, 

^iMrtAerri ZsfanAi.^ Auckland Islands, St. Paul's Island, New Caledonia, 
HL Kei^elen Island, STauritiua, Rodri^ez, and Reunion. 
^^Bpe of Good Hopt. — The royal obserratory. 

The Delifllcan operationa for ingress were moderately suceessfal ; Ihosa 
for egress, owing to the unfoitunato prerolence of bad weather at Mnji>r 
Palmer's station in New Zealand, were lesa successful. In fact, but for the . 
SQccBsa of tbe Germans at Auckland Island (one of the geographical myths), 
op«rationa would have failed at all the best Uelislean southeni Htationa, and 
thus the northern success in Egypt would have been rendered useless. 
Halleyan operations, including under that term tbose photograpliic and 
heliometric nperations which were conducted at stntions whence the whole 
IraiiBit could be seen, were favoured by fortune. It is not too much to 
■ay that the determination of the sun's distance actually elFected from the 
observations made last December, will owe five-i^ixtbs of its value to tbi.< 
obaervations made at stations where the whole transit could be seen. 
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dJMppomting to fmd that no proTinoD was made for photogiaphie md 
Wioinetric work at Capo Town, which was abaolately the best auuthen 
elfttioii of all for mid-trnnsit obeerration. 

Obtrvatioiu bij Lard Lindiai/t Party at .Vaurifiut. — Lord lindsij'* 
propwatians weie bo complete, that a special interut attaches to the ob- 
aemtions made bj hia party. We quote neailv in full his account, in a 
letter addreaied to the Astronomer Bo}-al : — 

" The moining of the 0th was cloudy before sunrise and for a short tiiH 
aftel. The Brat external and first internal contacta were mjssed from tti* 
cause. We did not see the Sun until 1 h. 3 m. after the lirat external con- 
tact, when it came out for a few minutes, when photographs and meaiORS 
were obt»ned. It was not till H a.m. (local mean time) that it becuna 
furly line, and remained so, with small periods of cloud obscuration, until 
the end of the transit. 

" Photogrophi/. — I took 271 plates, out of which nnmber perhaps one 
hundred (100) will he of value ; daud and the -very high temperatun of 
the camera were much against me. Temperature Tarying from flff* t 

" Jteliameler. — Mr, Gill ohtnined five (5) complete deteTmiuatJona o( 
greatest and least distances of the centres of the Sun and ^'enus, bendu 
nine measures of cusps and two separate determinations of the dlauetft of 
Venus near the end of the tntDsit. 

" &-m. Equaturial.—J)i. Copetnnd obtained with this equatorial and the 
Airy double image micrometer, fifteen (16^ measures of least distance if 
VeniiB from the Sun's limb, nnd ten (10) measures of cusps. Dr. Copelind 
also obserred the last internal and external contacts mth this inslrament. 

"The images of Venus, one brought into contact with the other, and then 
slowly rotated by the positioD-drcle, showed no symptom of oblatene» 
(ellipticity ). Br. Copeland observed the second internal contact with full 
aperture and first surface reflecting plate. The second external contact was 
observed with the double*iniage micrometer ; the images superposed oo 
account of faintness of the images. 

" ir^n. .EguntBTinl. — The last internal contact was observed with this in-- 
Btnunent nnd the Merz polarising eye-piece by Mr. GJIL He also obeened 
^e Inst external contact with the heliometer. 

" Both Dr. Copeland and Mr. Oill agree that the contacts of Venua a 
the Sun nru remtirldthlj similar to those seen on the modeL Tbej a] 
agree thitt any phenomena which could be classed under the head 'Black 
Drop ' took place snd disappeared within a period of live (5) seconds. 

'' 2Vin«. — Trmtiil In*trume»l. — Very accurate determinations of the time 
-were obt^ned on the six nights previous; and one star and azimuth-mark 
on the night following, by Dr. Copeland with the 4-in, reversing tnnsit. 
All the photograpldc exposures are automatically registered on the chrono- 
graph by a method which gives the actual duration of the exposure. Tb» 
huliometer observations were also registered thus: Dr. Copeland observed 
eye and ear — nil other ubserrations (photngnthie and helionietric) i 
also observed eje and ear as a check on the chronngiapli. During tfaft 
actual work of tho trauHt I had lUftit a^iMants. not counting myself or 
Mr. Davis. Mr, Oill had six. inelodinp th.- lloii. M. Comiol, Survey 
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flcneml. to whom I nm much indebted for valuable BasistHnce. Dr. Copeland 
hnil ihre*" nssistanls. All tlieae men formed part of the crew of mjjracht — 
trbnm 1 bnvfl trained to tLo work. 

■■I ntu hnppy to sny that tlie Gennftn expedition, under Dr. Low. got 
llie third and fourth contacts, and three (3) complete sets of heliometer 
iji(!a£urei). Also, Mr. Maldium goi the second imd third contacts, though 
mthcr uncertaJn as to the first iotemal contact, owing- (o cloud. Tbinkingr 
llint, possibly, he would not be able to get time determinations on the night 
tif the ilth, 1 sent bim a box of nine chronometars, which I have left with 
him for tlic rating of bis clock. 

*' I'.S.— One of mj photographs sbows the second inlemal contact beau- 
tifully." 

In summinfT up the results of the transit obserrntiona, wc must a-tsif^ a 
lirst place to Lord Lindsay's work among all that has been accomplished at 
single stations. To the Americans must be assigned thti first place among 
the natioua, not only as respects the cist and completeness of preparations, 
but also for the skill and judgment shown in their preliminary is vestigntione. 
The Kussians provided (and well ) for the greatest number of atnlionB. The 
Frenrli pre-eminently diatinguished tbemselves by their daring in occupying 
^lUtiona of danger and difficulty, to dangerous indeed that the British Ad- 
miralty declared them inaccesaible. The Gemiaua and Americans did well 
also in this respect. Great Britain, at one time hopelessly in the rear, drew 
nearer at the Inat to her just poaidon, but did not quite attain it. 

Oeneral Matting nf the Agtronomkai Sotieti/.^l seems fated that the 
general meetings of this society should be disturbed by unpleasant proceed- 
ing*. In February 1873 there occurred the attack on fivo members of the 
coundl by Meaars, Lockjer, Strange, and Pritchard, which ended in the 
defeat of this trio. This attack had its origin in the proposed observa- 
tory for determining the (imagined) laws according to which sunspots rulo 
the weather — a proposal to which the five members attacked had opposed an 
energetic re^stance. In February 1874 the dissentients had fallen out 
among themselves. Professor Pritchard had not duly considered the wishes 
of the other two in connection with the new observatory at Oxford ; and 
Colonel Strange rose in his place and denounced his former associate and ally 
ns unworthy of his position as a viee-preaident of the society ; but, Prol'esBor 
I'rilchnrd being absent, the attack was very properly silenced by the chair- 
n of the meeting. This year the diSiculty arose out of another matter. 
Mat three years certain viJuable instruments lent by the Astronomical 

Sde^ to the eclipse eipodition of December 1871 had been lost to sight. 
. Dimkin and Proctor had in vain written to the ISecretary of the 
Uriti^h Assodotion (under whoso auspices that expedition was despatched) 
to gain tidings of the missing instruments. But early this year, tn preparing 
the report of astronomical proceedings for the preceiling year, Mr. Dunkin 
found in the report of the Slelboume Observatory a letter by Mr. Ellery, 
thanking Mr. Lockyer for his generosity in presenting these instruments to 
that observatory. The meeting was naturally indignant when tbcy heard 
this news, one gentleman going so far as to quote the statute Vic. 24 ft 26 1 

I though Mr. Do La Rue said this was not warranted by Mr. Lockjer's. 
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action, the voice of Profpssor PritcliBrd whb Lean] proteettnijt loudljlj^ 

liiB former ally. The matter wo-t hushed up at this time, however ; aai in 
are glad to hear that the British AMomation has uodertaken to refund to 
the Astranomical Society the value of the depnrted inBtrumeDls. It mny 
p(^rbnps he but fair to add that something was sud of such a proceeding 
two yean ngo — the qneslion at least was allied by the Bridab Assocuttion 
Eclipse Committee whether the iastrunieuts might he given awny if tiieir 
value was mode good to the Astronomical Society. But soraehonr it ho 
chanced that permission to this effect was not awaited, and (unknown, we 
foe! BBsurod, to the Secretary of the British Association) the instruincuts 
were made over as Bl>ove stated, while the trifling preliminary of pnyiog for 
them was omitted. lieneroNty is an excellent thing, and lea) for sdencD 
leading a man to provide an observatory at the antipodes with instrument!^ 
cannot— viewed abstractly — he too highly commeDdedi but mnlring a pre> 
sent of property belonging to others Js a proceeding wiiich sppears open Id 
some degree of quesUon. 

EcHpue of April 6, — Government made a grant of 1.0001. to the Boyal 
Sodety for the observation of this eclipse, and a party sailed from South- 
ampton on February 11, in charge of Dr. Schualer, Dr. Vogel joining at 
Suez and Dr. Janssen at Singapore. (The remarks iu tiie last paragraph si^ 
rather unpleasantly illustrated by the fact that iii'lther the Astronomical 
Society nor Greenwich Observatory has lent a single instrument on this oc- 
casion,) Some dissatisfaction has been expressed because the siuu granted 
by Government \cat> given at the request ijf the Royal Society, instead of 
being entrusted to the Astronomical Society uud the Astronomer ItoyaL 
But, considering the nature of the Astronomer iEoyal's anginal scheme tor 
observing the roeent transit, and the slawness with wliich he receded from 
an untenable position, it can hardly be wondered nt if on arrnngemeDt wu 
adopted in this instance which, while giving bim a vote, left the anange- 
menta freer from his control than they could have been if submitted to the 
council of the .\stronoraical Society. Unfortunately, the arrangements 
actually made have not been benefited by the change. Some of the iostnit- 
tinns given to the observers seem simply absurd, and others are unsafe. It 
is diiiicult to understand how a committee, on which men so experienced as 
Airy and Stokes had seats, should have countenanced a programme one half 
of which is characterised by ignoranco of well-established physical lam. 
Vogel's plan for photographing the corona by polarised light (_which hod 
weather prevented him from applying during the Mcditorrnnean eclipse) is 
to be tried. (We should have been glad to have seen his name mentioned.) 
The arrangements for photographing the spectral images of the corona and 
sierra, seemed, as originally stated, to be so bad as not to admit of being 
made wor»e. But, as described in the directions, they have certainly re- 
ceived the tinnl touuh which shows the master. It has been shown that the 
chances were strong agnlnst any results at all being obtained by this method. 
But it appears now that to ensure success the operator is to judge bv tb^ 
development of one plate how long to expose the next, diiisidering that 
totality will not last more than four minutes, and that the experimenlal 
development of exceedingly faint objects will require time — cetlunly not 
less than a minute and a half — while the first e.vposure is to be odo toinute, 



tha qneatton Dfitunlly anaet, hov is tite longer linm which devi^lupaient 
nmj probably suggest to be obtained. Will tho sun and mooo stand (till to 
oblige Mr. Joseph Lockyer, na it once did, wb are told, to help Jochua ? 
May wa be permitted to recall an eiperienco of iha eclipse of 1671 ^ On 
thftt occft&iou Hn eothurimtic observer, havini; collected for hia own use all 
the best instrumcDts, rushed durinji; totality from one obsemtion to aoother 
(he called Ibeu: " titmtegic morements," however), endenioiuin)c duriog the 
two mioules of totality to mnlie nnia diilinct obnerrations. 'rhe aun nod 
moon not aiaodioi; still, be naturall]' miorvd Ibi' whole Mt. I* it loo much 
taeaj, that unless Br. Schuslcr tLod bis nRgistnnts wisoly take the mnl(«r into 
their own hands on the present occasion, the Hoyal Society expcdlliuii ruiu 
icrettt risk of fwlure aimilarly complete? 

Fortunately tlie Indian (loTemnient may be expected to send observen 
who will take aomo good photographs of tlie corona, while Davia, the skil- 
ful photographer of Lord Lindsay's partjr, irill probably aubieve viva better 
rcBulta. 

FeriorliciC;/ in Ihf Vnliuefthf Sim't Di<imrtcr.~la t be report of the Astro- 
nomical Society the following occurs : " The question whether the sun's ap- 
parent diiuaeter is liable to periodic changes baa frequently occupied the 
*tteQlioo of aatronomera. The subject has been investigated by Von Lin- 
denou, Beiiel, and Bianchi, and more recently by I.e Verrier, Secchi, Wagner, 
Kud Auirer^, Lindenau was led to the conclusion, by a discuauon of the 
(Jreenwich observations from 1760 to 1765, and from 1705 to 1786, that the 
sun is m ellipsoid, with a compression of ^}f to j\;,. Biiuidii, apparently 
'without beiug acquainted with Lindenau'a research, found the solar compres- 
Hon jj^, but by changing his method of inveeti^fstion be oblained vaiuea 
ibr this quantity varying from j„!j^ to j}-. Bessul, howerer, considered that 
« progreiittve shiftiag of the wire-fiame of tho Greenwich transit-instrument 
'Would account for the appnrent periodicity in the values of the aolai di- 
ameter. M. ho Verrier, after a careful investigation, came to the conclusion 
that no real periodic variation in the sun's diameter eiist«d equal to 0'O2, 
Mora nrcently, I'adre Secchi, considering that the active (orcee known to be 
in progreM on the surface of the sun might very possibly produce changes 
in the volume of the luminous matter cuinp'wing the chromosphere, an- 
nounced the result of some researches on which bu bad been engaged in 
conjunction with Padre Rtisa. Ileconcluded that tho variations in tliosolar 
diameter were the most apparent when the activity of the forces on the sur- 
face of ibe bun was greatest ; and he considered that, bs these variations 
were frequently more than 3" in amount, they could not be accounted for 
by mere errors of observation. Dr, Anwers, however, who boa since tho- 
mugbly examined the methods adopted by Pndre Secchi, gives as his opinion 
that the foundations of the theory employed by the latter are so unreliable 
that, fur the present, these results cannot snfely have mucli weight attached 
to tbeiu. Ur. Auwers, anxious to have an independent series of observations 
u the baaia of hia examination, obtained from the Observatories of Green- 
wich, UxTord, Paris, Brussels, Washington, Konigitberg, and Neuchatel, a 
largv number of measures of the solar diameter observed during the aame 
period aa those by Padre Seccbi at Rorae. 
■' With regard to the connection of tbe tiIim of tha ann's Hatnetet with 
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tbe solnr-spot poricx], Dr. AnwershM«]«ciei«nniiied theOceenmcliol 
tions of BradUy nnd Msskelj'tie, and tiiuir itiaiftants, u well m ■ 
tboaa made at Kiinigsberg by Beaeel, wid at Dnriint by W. Slnivo : but hia 
result b a negatiie ooe. He bna alsu cumpnred tlie Greenwich Kdivr diHine- 
ten observed from ISfil to 1670 witb Dr. i:. Wolfe relntii-e number of 
tlte solar-ipot couditions: and bia coacluidoas are that, ' in thu fluctuation 
of the otMerved Talues, both for the Iiarixontnl aud vertical diiuuctcrt, aad 
the difierence between the two, no dependence upon the rariatioiu of tha 
degree of activity, and tberefore no indication whntever of tbe reidity of 
these fluctuations, can be perceived.' 

" The evidence thus far seoma lo negative tlip eciatence of nny periodical 
changes in tbe sun'e diameter of sutlicient magnitude to be detcchHl barn 
the onlinarf meridional observations of the ditTereat limbs of the sun. This 
negative evidence is much strengthened by the results of an ext^naive a 
pariaon, by Professors Newconib and Holden, of the boritontol and veflictl 
diameters deduced from the observationa of the sun nt GrceuwiiJi and 
WashinglOD from 18U^ to 1870, the tranailii of the first and wecond limb* 
having in this interval been registered on the chronograph. The total n\ 
her of observations discussed amount to l,t^l.'! of tlie horlzonUl diameter, 
and 1,82G of the vertical diameter. The principle of tbe mutliud ia givui 
as follows :— ' Suppose we have two series of observations of the sun'a d 
smeter made simultaneously at two dilTerent observatories, eo that each d 
aervationof tlie ooe series is accompanied by a simultaneous one of Ihvotlu 
aeries. Then, if the outstanding dilFurence between each uioaaure, and lis 
mean of tbe whole serieit to which it belongs, is due entirely U 
dental errors of observations, there will be no relation between the diFareneSt 
of the two series. But if a portion of tlie difference is due t« an u 
change in tbe sun itself, the dilFerences which are poi^itive in thu ona at 
will be accompanied by a preponderance of positive dilTurences in tbe o 
series. For on the days when the sun is larger than the average, the p 
ability of finding a positive correction will be mare than A at each obacm- 
tory,and hence tbe probability of an agreement of sign will be gruatcrtl 
J. If tbe probability in each case be J + n, it ia ea^y to see that tbe pli 
ability of an agreement will be J-tSo'. Our resulla ehould, hawovBr, 
depend not on a simple enumeration and compHriaon of the signs of Uu 
residuals, but hUo on the magmtude uf the latter, and wn may gt>cui« tkb 
dependence by faking tbe algebraic product of each residual of the mu 
series by the porrespnnding one of the other. If the reciduala are pui«l} 
accidental, the mean value of these produets should approiimate to inn *a 
the number of observations is increased j %fhile, in the caae uf iictusJ tin- 
ability, it will approximate to some positive limit.' 

" A» many obaervetB were engaged in these obaerVAUona, it was fonnl 
necessary to correct tbe apparent error of tbe opiiemeris diameter Cat lb 
peKonal error of the observer, and tables are given ontainin); tlis miaflfi 
errors for each year for each observer, both at Greenwich and WaaUagtOL 
The conclusion to which Professora Newcomb and Ilolden have anhrad ■ 
to be that, whatever apparent variatiana of a periodic nalun in t 
diameter occasionslly ocrur, they are probably the result of chu 
that it ia clearly shown by their investigation, based upon so larg« ^ 
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tf obsoTvationB, tliat, if BDj, onlj the slightest luid ii 
periodicity Are exhibited." 

Oppusilimig of Jupiter nnd Mara. — Od April 27 Jupiter will lie in opposi- 
tion to the Hun ; on Jiioe 20 JIars will be in oppogition, but not at all fkvour- 
!«Uj placed for observ«tion, having great southerly declination. 
' A Fuiiffia SJmir.^Xtxotiiiiig to n lute number of "Grevillia," an 
exhibition of Fungi at Munich took plara in the " Crystal Palace " some 
time ago, and wna visited by nearly TiOfiOO persons. Of species, 141 
were represented by means of IflUS specimens. The arrangement wa« a 
syatemntica] oni*, and every species had its Latin and vul^iir name, and 
other notes, written on a tichet. The edible fungi had white tickets, 
the veuonioua eorta green ones, and the inditferent red ones. A lecture, 
or demouatmtion, was also gicen on edible and Tenomons fungi, their 
cooking, and what to do in a case of poisouing by them. There were also 
joined to the exhibition a great many microscopical specimens of para- 
sitical fungi, which do damage in the rural economy. Drawings of the 
growth and development of these minute plants were made by l*rDfessor 
Engler. The list of fungi exhibited is published in full in the >' Gar- 
deners' Chronicle." The absence of such species as Agarictta arvemit, Siisaula 
hrUnipkijUa, Ar/ariciu pertmmtuf, MariuiMu* urtna, Panu* liyptinia, Polyorvt 
tgvamotii', CratereUu* ivntucopioitki, was very singular and inexplicable. 
^L fariation in the Wntcr contained by a FtaiU.~~i\t the late Boliiaical Con- 
^H^teu which was held at Florence, M. Ualeznoff gave the result of his re- 
^Hhuches in calculating the amoimt of water contained in the dilferent parts 
^^'flf a plant. By dividing a truuk into a number of pieces from the base 
upwards, he found invariably that the quantity of water increases from the 
base towards the summit. Of the four spetnee studied by him, be found 
Pinitt in/lccttrig contained most moisture in the tnmk, and Acer the leasL 
Betuin and Populiu Iremula were intermediate. In I'lnus the bark is drier 
than the wood, and in Acer more moist. In BetuU it is drier in the winter 
and spring, and more watery iu summer and autumn. The contrary takes 
pUiM' in tbe case of the poplar. In the branches the same law holds good, 
but their bases are drier than the portion of the trunk from which they take 
their rise ; and the petioles are more watery than the leaves. In the (lowers, 
the perianth, the filaments and tbe styles contain more water than the 
a^Dthers. 

A neio Edit ion of nn old Ifork on JJyinaiQtnycrtouM Fungi: Ejncritit 
jry(ii«Mi»ij/''c/Hni.— It isstatedinMr.Cooke'a joumal, "Grevillia" (Decem- 
ber l>f74), that the publication of the new and revised edition of this work 
-will be hcdied with pleasure by all mycologists, inasmuch as the course of 
time had deprived the former edition of much of its original value. Al- 
though confined exclusively to European species, this work will be intlia- 
pensable to all who puisuu the study of fungi with nsdduity. We could 
have wished for more of the synonymy of the species, and a more extended 
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refei'CDce to figuros, but perhaps thia is too much lo expect of the author V, 
hisodTiincedtige.—WeliiaynddirithsatiHractioii that the Kev. M. J. Belk*- 
lej has commenced a work whicii iriU suppleroeut the pnsseut, and incloila 
all eitTH-Europoan species of Hytnenomi/eiiUa, and thus reoder oompl«l« 
what tbe illustrious li^wedish m^colsgist hu only in part accompiisbed. Ko 
one is so competent to undertake this u the authority nho has token it in 
hand, and we antitipale that in little more than twelve months, if health 
should be given hiui, we shnll be iii poasesaion of the new Epicrisis. 

Do Vanelifs wear oat f — This important question is ashed and Muweied 
in on able article in " SillimiiD'a American Journal " for Februaij 1873, by 
Dr. A. Orav, the eminent American botanist. He aava there is a philo- 
Bophtcal argument which tells strongly for «ome liuiitations of the duiation 
of non-eexuHlly-propagafed fonns, one that probably Knight nevor thought 
of, but which we should not have expected recvnt wiiters to overlook. Whan 
Air. Darwin nnuounci.'d the principle that croBs-fertiiiiation between the 
individuala of a species is the plan of nature, and is prncljcally so univeiul 
that it fiurly sustAins his inference that no hermaphrodite species continually 
eelf-ferljlizud would continue to e.-cist, he made it dear to all who apprebmd 
and receive the principle, that a series of plants propagated by buds only 
must have weaker hold of lif^ than a series reproduced by bead. For tiis 
former is the closest possible kindof closo breeding. Upon this ground such 
varieties may be expected ultimately to die out j but " the mills of Ihegod* 
grind BO exceedingly alow," that we cannot say that any particular grist bu 

been actually ground out under Iiumun observation How and why 

the union of two organisms, or generally of two reiy minute portions of 
them, should re-enforce vitality, we do not know and can hardly coojcctuiia. 
But this must be the meaning of sexual reproduction. The conclusioo of 
the matter from the scientific point of view is, that se.xually propagated 
varieties, or races, although liable to disappear through change, noed not 
be expected to wear out, and there is no proof that they do ; but, that dod- 
eesually propagated varieties, though not liable to change, may thecreticilly 
be expected to wearout, but to be a very long time about it. 

TraiitpiraCionof Ftanti. — The "American Naturalist" [Feb. 1875], (in a 
note foniisbed, if we do not mistake, by one of our contributors to thu 
present number,) states that Br, Vi'. K. McNab, of Dubliri, bus performed d 
fresh series of experiments on the rate of motion of the sap in plants, and the 
transpiration of water from the leaves. The plants selected wci-i^ the cheny- 
Inurel (I'niiau Imirott'reciis}, elm, and privet ; and the results obtained wa* 
aa foUowB ; 1. That, under favourable circumstances, a rate of asct^nt of forty 
incbes per hour can be obtained. 2. That, contrary to the genemlly re- 
ceived opinion, direct experiment has shown that the upward rapid oumnt 
of vrater dues not cease in the evening. 3. That checking the tmnspiratkin 
for n abort time by placing the bi'anch in darkness does not materially imped* 
the rapid current of water. 4. That the removal of the cortical ti«nw 
does not impede the rapid current in the stem, which moves only throufb 
the woody (xyleua) portion of tho iibro- vascular bundles. '>. That S wi^- 
marked rapid flow of iiuid will take place in a stem after the removal of tho 
leaves. (I. That fluid will rapidly How downwards as well ns upwards In 

> woody ( xyleus) portion of the fibru- vascular bundle:^, its seen in d branch 
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ia irhicii lilhium citrate waa applied at tliu top. 7. Thnt pre&Kure of mei 
cnrr does nut exert anj very marked influence on the rapidity of flaw, i 
the oae exporiment miide with a pves^ure of IIU'63 gramiueg of m^rctir;. 

Ititpiratioa in PlimU.—ThXn'ia not tbu pi-ocesB bj which plants decouipooO' ' 
tiie carbonic acid of the air — a foci tliat was poiuttMl out many ynaia nga by 
fieroord. Ilowcrer, it has recently been explained by M. Corenwinder, of 
Fr»iic«, a well-kDOWu physiological lioIanLjt, who pointa nut, from ezperi- 
menta on the miiple aiid the lilitc, that true reapimtion is always going on 
in plADlB, although it may be coocenled by the greater activity oC the true 
digestive process by which oiygen id given off, I 

Whai u Mace? — Dr. AaiiOray tells ua, in "Silliman's Atnmcan Joumn!,'' [ 
(Feb.) that the mace of nutmeg, once tnlien as the type of an ariilwi, ^ 
a good while ago distinguished aa au iirllloile, or fiilsc aril, by Flnnchou, on. i 
finding that it developed from thu micropyle, while a true aril is a groivtli 
from the bilum or summit of the funiculua. Hooker and Thomson's state- 
ment, that the mace develops from both the miccopyle and the hilium has 
been contirmed by Baillou t " Comptes llendus," 78, p. 770, abstracted iu 
" Kev, Bibliogr." of Dull. Bot. Soc. France, I.e.) The consequence is, that 
the distinctions between arillai and arilhdt; carvnde »tul drophiole, become 
not exactly superfluous, hut aystematicnlly unimpo riant. 

TAeJltd-rul of Pmei.— The " Academy " tor March 0, giving an abatraol 
of the contents of the " Botanische Zoitun^ ," statea that in tlie number for 
January IS there is a brief report of the meeting of the Brandenbu^ 
Botanical Society, October ao, 1874, Professor Harlig apoke of the aymp- 
toma of decay exhibited by living forest trees. The " red-rot " (Kothfaule) 
ofpinea is caused by the penetration and diftusion of the mycelium of a 
fungUB 7'rninelM I*ini, Fr., in the heart-wood, whoso reproductive parts 
■ppew on the outer surface of the branches, especially in branch hulee. The 
spores produced fall on the exposed surface of newly broken off branches, 
and thus it may soon become widely spread. The various species at- 
tacking other common forest trees, which colour the wood red, green, 
brown, &c., were also considered. 



■^ CHEMISTRY. 

Ormndattid Iron ia the Ifashiat/ of Boitltt. — Thera has been lately ft 
paper published by U. Fordos on this subject. He points out the danger > 
of Ufflng leaden shot in cleansing bottles iitlended to contain beverages, 
medi^es, £c. In their stead be recommends fragments of iron obt^iined by 
dipping up iron wire, Nob. lli, 17, and 18 giving a quality suitable fur phials, 
and No. '2'i for wine bottles. These iron granules hare been used on a 
large scale with very satisfactory results. If there is any fear of injuring 
the colour of choice white wines, granulBted tin may be used. 

The Corrotion of Leaden Itul-icaler CUtti-nf. — ^At a recent meeting' 
of the Manchester Philosophical Society, Professor II. E. Roacoe rend 
B paper on the " Corrosion of Leaden Ilot-water Cisterns." Ho said tbat 
'■ od the question of the occunence of lead in tuwu water has been brought 
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lorwiu^l io the daily pnpera, I condensed water contMntng oxygen vp^^^^H 
inetAl nnd tlie siiLsequeat rormatjon of the insoluble hjdrocnrlKHiftt^S^^I 
there cao be little doubt that water diawo trom auch a astern would lit ^H 
-contaniinatod with lead." ^M 

AbiurptioH of Oai by Iron Wire*. — The abaorplien of gas by Ibe«e whtt H 
re-heated torediieB<i,8ud then quenched ia dilute sulpbuiicadd, is themljeet H 
fif an important paper in a late number of the " Comptes Renduti," bj M, D< H 
Sevoz. It seems that in wirc-drawiDg, when the maker has anived at ■ H 
-certain gftoge, he ia obliged, in order to draw the wire finer, to re-he«t hi H 
redness in i»Ht-irou stoves, closed aa hermetically as possible, and then In H 
quench in water conttunlng 3'3 per cent, of moDobydrated sulphuric acii I 
It oAen happens tliat iron wire which has undergone these two operatioaa, ■ 
for inBtanee,atNo. 18 (■')4'I0tbs of a millimetre^, becomes brittle when itliu I 
reached Nu. 8 I ];t-10tb). If the wire is broken, and tbc fractuiv plunged I 
into a glass i>f water, rapid and numerous bubbles of gas are seen \o escape. I 
The author hna collected this gas, mixed it with air, and obtaiued a distioA I 
-explosion, but boa not been nble to decide whether it is carbonate oxide or I 
hydrogen. The presence of a small quanii^ of thb gas renders the metal 
brittle. When the wiie-drnwere meet with pieces of brittle wire they 
ascertain, by putting saliva upon the fracture, whether the brittleneas ia doe 
to gns. If this is the case they lay the wire aside for five to eight days, 
-when the gaa is found to have disappeared, and the wire resumes its ordinarj 
malleability. 

CtHaia Propcrlira of Wfi'jhtei} libivk Sia-*,— The " Chemical News " 
of February 'i, in noticing a paper of M. Persoz, says that the author afaowi 
that weighings which began with the modest aim of making up the loss 
sustained in ungumming — is now carried to the extent of 100, 200, and 300 
per cent This increase of weight is produced by treatment with salta of 
iron and astringents, salts of tin and cyanides. The bulk is augmented pro- 
portiouably to the weight. As a matter of course, the cliemical and 
phvsicul properties of the silk thus treated are materially moditied. What 
is sold OS silk is, in fact, a mere agglomeration of heterogeneous matters, 
devoid of cohesion, held temporarily together by a small portion of alk. 
The elasticity and tenacity of the libre are senaibly reduced. From being in 
its natural state ouu of the most permanent of organic bodies, and sparingjj' 
combustible, it bums like tinderif touched with flame. It is, moreover, liabls 
\a undergo aponlaneous decomposition, and to absorb gases with die evolil- 
iion of heat, which sometimes leads to actual combustion. The adulterated 
ulk when burning scarcely gives oQ' the character! alic odour of animal 
matter. It leaves an ash of oxide of iron, exceeding H per cenL 

Gold-liiKd Cajuukt atiH C'rnmblei, a cheap way of malang. — Mr. J. L 
Smith, of the United States, makes the following remarks in a paper OB 
Tarious subjects that he has communicated to the '' Chemical News " 
(Feb.). He says : " While the analytical chemist cannot always indulge ia 
every form of luxury of apparatus which might tend Io facilitate aud givB 
predion to his researches, still they ore very convenient and useful at time& 
Those who have had much to do with caustic potash and nitre heated t» 
rednecs, know that silver vessels will not always answer their purpOM. 
-Under these circumstances gold vessels are very useful, but very expensive, 
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and I have fur some time been iiaiog what niight he culled (i conipromise 
Tcdsel, mnde or plHtimim lined with ^olil : not plntinuni trill, but made 
in the faUowing mftn&br: — A thick sheet of platinam is taken and the 
Tsquisite Biuoimt of gold melted nn the surfiice ; the whole is then rolled out 
to the proper thickness for capsules and rruciblca, imd these laitor Te««eU 
then made out of this sheet. There was some little difficulty attending 
Ilie making of the first Tessele, but this whs entirely overcome in the 
cstttbliahment of Johnson, Matthej & Cn., Ilatton Garden, Loudou, where 
the Teasels I use are made." 

Ceilain Chentical Afatters founil in Snow. — In the " Coniptes Rendus " 
(Jan. 4), M. G, TiiiBsudiii^r Bajs, " that in tlie snow which fell between 
JJtC l(i and i>5 last, he distinguished the presence of an Abundance of foreign 
BubstAnees, including certain salts. The drj residue from the evaporation 
<if a litre of siiow-water was determined. Snow collected in a court yielded 
0-2I2 gnns.; from the towers of XcJtre llaine, 0'118 grms, ; and from the 
country, 0'104 grtna. The residue oblainrd on the evaporation of enow ia 
lui impalpable greyiah powder, of which tbe organic matter, rich in carbon, 
burns brightly. Tbe reaiduol asb amounted lo 07 per cent in Paris, and 61 in 
the country. It conaiats of silica, carbonate of lime, alumina, chlorides, 
eiilphaies, nitrate of animania, and very appreciable amounts of iron, lie 
miggeiite that a portion of the matter suspi-iiJed iu tbe air may have a cosmic 
origin. 

Annloffien between t/ie Eicape of (laiet from Siiptrsatai-ated Solutions, and 
Iht Dtcoiiipodtion of Certain J^j/ilo»iia. — M. D. Oernez coucliides from his 
txperinients that there is the strongest analogy between the escape of a dis- 
Ailved gas, taking place on the surface of tbe solution iuto a gaacons 
medium, into which the gna passes na into a rarified atmosphere, and that 
decomposition of esploeivea wliicb cannot, as in tbe case of oxygenated 
water, be areribed to a pnrtioulnr catalytic force.^ I'ide" Comptea Hendus," 

Kcmarkt on Mnltow. — It would seem front a paper in the " Berlin 
Chem. UeS9.," that Ilerr tScbulze baa rc-iiivestigated and con- 
firmed tbe statement of O'Sulliran tliiit the action of malt'extract 
upon sinrch produces, not dextrose aa had been supposed, but n compound 
sugar having the formula C„H,]0„, which be called maltose. The sugar 
reduces the copper test only cwo-thinls as actively as dextrose, but pos- 
sesses a much better rotatoiy power. Srhiilzo's experiments were con- 
ducted with diastase, precipitated from malt-extract by alcohol. Starch 
paste treated with this, at n temperature of 60°, was rapidly saccbariSed. 
.\fter concentration and precipitation of tlic dextrin ])y alcohol, tbe solu- 
ticm was evaporated to a syrup treated with alcohol, the clear solution 
poured olT and evaporated over sulphuric acid. Crystals first appeared on 
the walU of tbe vessel, and finally the wliole aolidilied to a crystalline 
mass, itecry stall ised from water or alcohol, maltose retains crystal water, 
which ia readily given up at 100°. In nppearence, maltose resembles 
dextrose, but ia distinguished from it by its composition, its reducing 
power, and its action on a polarised ray. Ily boiling with dilute acids it is 
converted into dextrose. It is therefore no intermediate product betweea 
I d«xtiin and dextrose. — See " Silliman's American Journal," Fab. 187S. 
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CiyttaU of Glyeri-iii. — These Gomcwbat peculiar bodies ore deseribod tj 
Hen von Lnuge, in '■ Pog;?. AiioiL" The " Chemical News " of Fab. 13 
Mys, '' that tlie enuuinalion of these crptals wm »ttt^nded with diflicult;. 
tu wheu taken out of the niothei-liquor thvv mi^lt owny, und KudeT Iht 
application of the reQecticg goniometer impossihlci. They beloai; to llu 
rhombic Bjatem ; their elements ore n : b : ir^l : U-iO : l>66; Ibefortmu» 
100, Oil, tOI, 111. Cleavage imperfectly perpendiculnr to the longitudiul 
axis, theiefore purHllfl to a plane UIO. 



GEOLOCiY AM} PALAEONTOLOGY. 

The Drift in Kanaa, U.S.A.— The KoT. H. V. K Knos has vritln k 
letter to Mr. Diuin, ivbich is published in " SiUimnii's Aroerioui Jaiinil' 
(Dec 187J). He snj-a that " the drift in luinsas ia confined moitl; to As 
northern hnlf of the titate, little hnTiii)r been found any distance south of ibl 
great Kansas VnHe_v. North of this river, etpeciallv in the region north ml 
'west of Tupeka, there are drift rocks of vast ase. The prevalent kind if 
rock is red and flesh -coloured qunitxite, with a mixture of conglomerate *nd 
trap ; the mass is red quartzite. On the high prairie these boulden B* 
Eometimes from six. to Hfteen feet in diameter ; jt't in the north-eiut tbulh 
of the Slate one may rido trrenty miles over the prairiea and not sm ob« of 
so large bite. lljtiiulleL' boulders iind pebbles are everywhere to be Ibuod in 
this part of the State." 

TKo Hawaiian ru/conaH.— According to the recent staleuient of Mr. T. 
Coan,Kilauca has been very active for the greater part of the past year. Tk« 
greatSouthlakohasbeen full and oierflowing much nftbe time; and thegnit 
central depression of ](MI8 in the crater has been tilled up by deposits ^ot 
IJOO feet, while the reg^nu around the great South lake (Halemaumau) bs 
truncated mountmo, ni-arly as high as the outer upper edge of the etatet 
Mokuaweoweo ; the summit cmler of Mnuua Lon has been in action fat 
eighteen months. For the most of the time the action has been violent. Of 
Inte it has decreased, and there is the appearanue that tt wiU soon ( 
He also says they have had few earthquakes at llilo during the year, and 
these hare been feeble. They are often felt near Kilauea, iu tha diatticttif 
Kau. 

Tvrtmta of Maiirititu doteli/ related to thote nf the GahipBgot, /itaaa UmI 
WB nearli/ antipodes to one another. — Dr. A. GUnther, in a memoir on ' 
Living: and Extinct Races of Uignntic Land-Tortoises," Paris 1. and H. of 
which have been published, states tliat there are Temiiiiia of gtgnntio 
tortoises ou Mnuiiiiiis and the neighbouring island of Rodriguez asaodaud 
with those of the Undo and Solitaire, which indicate that tho races haia 
only recently beeoiiie extinct. They differ from other tortoises of iha 
re)pon iu having n tint cranium and truncated beak, and in this reepnct 
have the greatest affinity with the tortoiees still inhabitiiig tlie GalapsgM 
Archipelago. Dr. Giinther observes that the presence of theaa 
tortoises nt points so remote iVoni one another can be accounted fl^H 
V that Ihtii are in each tane iudiymout. ^H 
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DupMiCion in Snll Water iiim-e rapid th.iii in J-'reih Tro(«-.— Pn.fesBor T. 
St«Jij Hant, in a recent arlicle in the " Pruceedings of the Boston Natural 
lEttorj Society," calls attention to the fact that the elfeot of selt i. 
QD the rate of depoaition waa firat mentioned by Mr. SUdell, in llumpUrey 
md Abbott's '' Report on tba MJsaisaippi Rifer," and then explains 
j^and of tbe less cohesion between the pnrticlea of salt water, as proTed 
by the fact that dropa of salt water are smaller than those of fresh 
■water, 

DeatA of Sir Charles Lijell. — Since our last issue si^iu nee hna been deprired 
«f, perhapa next to Mr. Darwin, its rno^t devoted atid most philosophic 
fcQower, in losing Sir Charles Lyell. The death nf this most eminent 
•BVIknt, the father — since the time of Huttoo — of peolo[,'y> toolt place at his 
xetideoce in Harley Street, on Feb. 22. Sir Charles was in hie 78th year 
•mhtiti ho died, and it is not ton much to say that from 1824, for quite fifty 
jdiM, ha waa devoted to the pursuit of geological science. He contributed 
•erant] papers to the especially scientific journals, but it ia by his regular 
ImoIu tiwt his vast reputation bos been made, These are the "PrincipleR 
■«f Geology" (2 vols.), " The Antiquity of Man," "The Elements of Geology," 
(2 vola.), and the '■ Studenta' Elements of Oeolonry," of which the^rst went 
through eUirtnt tditiont, the second went through four, and the third through 
«x editions, thus showing how extremely large was their circulation. A 
^i^ital sketch of his life ia given in the " Geolngica! Magazine/' March 1875, 
to which we must refer our readera for further details. 

Baiaiilic Sandittme. — " The Academy " (March 6), which is now becoming 
an exact and well-edited scientiBc, as well as a literary weekly, says, 
"that in some Notes from ths Island of Bute, contributed to the'Trans- 
.aciions of the Geolo^cal Society of Glasgow,' Mr. D. Corse Glen describes 
a narrow tract of aand.Jlone remarkable fur exhibiting a coltimnnr structure, 
retembling that of certain basalts. The sandstone columns, which stand 
nearly vertical, vary in diameter from six inches down to half an inch, and 
although usually bexngonal, are in some cases four, eight, or ten-sided. 
There can be little doubt that this structure has been induced by the acUon 
of heat, bat although igneous rocks are found in the neighbourhood it is not 
eaajr to determine precisely how they have aflected the sandstone. Mr. 
Qlen auggesls that the effect has been due to tbe action of steam or highly- 
heated TBpour parsing through a vertical fissure in the rocks, Connected 
with the columnar sandstone of Bute, it may be interesting to remark that, 
■t A recent meeting of the Imperial Geological Institution of Vienna, 
Dr. Hiimes brought forward a. similar example in sandstone, obtained by 
Herr Baomheyer at Kriesdorf, in Bohemia. The sandstone appears tft 
belong to the Lower Quadersandstein (CretAceoim), and the prismatic 
stmeture has evidently been induced by contact with basalt. In eeetiou 
the prisms are triangular, square, pentagonal, hexagonal, "r seven-aided. 
Many other instances of a cotiminar structure in sedimentary rochs are 
mentioned by Dr. Homes. " 

MarA'* Miocene Expedition, — We leam from " Silliman's Americnn 
Journal '' (Feb, 1875), that Professor Marsh and his parly have returned 
after an absence of two months in the West, The object of the present 
expedition waa to examine a remarkable fossil locality, discovered during tha 
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□ lliu " Itod Lands " south of Ibo Btaek IlillB. 



V succei«riil, notwithsbuiding extroiuel; cold we&tbWi M 
the continued hostility of the Sioux Indiane. The Uttvr r«rused to nUi 
the exp«dil)oa to ciaaa the White River, but a leluctant conaeot wm n h 
obtnined. They afterwards stopped the party on the wBy to the " B 
lAnds," aitcnipt«d a night attack aa their camp, and olherwiie tnolafU 
iheni, but the accompuiying eacort of Unil«d States troops provifd auffidHO 
for protection. The fos^l depouta explored were mainly of Miucena uf 
luid although quite limited ia extent, proved to be rich beyond expectuioi 
Nearly two Ions of fossil bonea were collated, moat of them rarv spedau 
and mnny unknown lo science. Among the most iiileresliug reini 
found were several tipocies of gigiintic Si-oMotheridit, nearly lu luge i 
elephants. 

Profnsor Pretlwich's Ojtmirig JjnUare at Oxford. — We are hoppy la 1« 
that ProfDSMr Preatwich'a Oxford inaugunl lecture was distinguished tv* 
the run of iDaagiml lectures by coulaining new and importnut eaoluiiici 
views, and ecme account of the light thai has been thrown on pcologyb 
Mr. Lockyer's spectroscopic researchea. It is, we ore informed, 14 
published immediately as a pamphlet. 

Middle-l'ark •' .Vinrrat roo/."— Mr. E. J. Mnllett, writing in a 
number of an American juumnl (" The Itocky Mountain >'ews ")■ a 
" Considering all of its properties, I may say that it poeevate* nnicb ii 
common with the recently discovered mineral called tJbertite, a fpuati 
aolidiliud petroleum, and also with what is known aa torbanitf. Than t» 
Taricties nre highly valued by gns nionuiacturers, nho mix from fin t 
twenty per cent, of Ilicse bituminous compounds with less bitnminoui n 
thereby greatly increaMog the yield and quality of the ^cas. 
the former in the large amounts of goa and tarry oil it yields (nhidiD 
prove aa valuable Rathat derived from albertite), but differs fromitmba 
heavier — the specific gravity of the albertite being 1'090, while Udt I 
1 -S33 — also in yielding no soluble products when treated with biaulphids i 
carbon, spirits of turpentine, etlier, i:c. From torbanite it diflers n 
crackling in the fire, in being much heavier, and in melting and b 
when heat«d. Annlyais ahowa it to contain in one hundred parts UKM p" 
cent, of water and moisture, SO'OS per cent of volatile matter (gia W 
tarry oil), 0403 per cent, of fixed residue, conaisliug of coke and uh. A 
much confusion exists in the nomenclature of the mineral fuel of V. 
I would propose, as I recently did to Professor Hayden, to pffl up B* 
tirely the term lignite as a special class name. If we ( " 
fuel lignite, we muiit conclude that lignite can bo either I 
caking, bituminous nou-cakiDg anthracite, or possess an organic • 
ture. The term lignite should be dropped, as being innpplicahlu 
applied to our mineral fuel ns n class. The coal from Middle Park it iJ 
the claas caliing-bituminous, and being a peculiar variety, might be ffi 
tinguished aa "Bverite." 

Vertebridt Fomiih f'lUiul iii A'ew Me-ricii. — Professor E. D. Cope, in * 
recent painpblct, states tliut the Eocene discoruriea shows that ai ~ 
Uke extended OMr tlif part of New Menco now drained liy the tribntio" 
ver on the i-ast end the San Juau ou tbc wc«t. Til 
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), And bj the presence of only one smikll JRi/rachi/ue. I'oi 

if Tbxodonta are amongf tlio discoruriea reported ; they are referred tn 

w genem Ediujimia and Calamodan. The tei:t\i of nix or seven species 

e Oa/rea hnve heen found with the Mamm&lian remnins. 
iV'nc Sub- Wcalden baring \a begun Bgain. ('The former one bod failed 
h the breakiDg of one of thehoters.) The " Acnderay," in one of ita 
■ben for Much, says; "A few weelcH ag>} we rererred to the action tnlien 
I Vthe Sul)-\Veal den Exploration Committee in etartinp^ a new bore-hole at a 
Aort diatajico from the old site. Although it had been suggested that the 
MOnd boring Bhould be undertaken at some other locality, the Committee 
uw DoieasoD for altering their original determination, and consequently the 
Deirhole was started on Feb, 11, The crown employed has a diameter of six 
indies, 90 that solid cores of nearly this size are now boing extracted ; and 
tktse large rock cylinders, when studied, will no doubt yield valuable 
pological information on the characters of the Sub-^'enlden rocks. 

Sew Orthr of Eocene Mammal».-^\t the laat meeting of the Connecticut 
Aotdemy, Feb. 17, Profeasor 0. C. Marsh made a communication ou a new 
(nd«r of Eocene Mammalg, for which he proposed the name TUlodoulia. 
Tbete animals are among the moat remarkable yet discovered in Aiuerican 
ilnta, and seem to combine I'haraclers of several distinct groups, viz.: 
Oiraivores, Ungulates, and Rodents. In 7'i7fc(/u'riumf5Iar8h),thetjpeofthe 
mder, the skull has the same general form as in tlie bears, but in its structure 
iMemblea that of Ungulates. The molar teeth are of the ungulate type, the 
aniocs are small, and in each jaw there is a pair of largo scalpriform incisors 
bc«d with enamel, and growing from persistent pulps, as in Rodents. 



ndult dentition is as follows ; — Incisors, \ 



1. 



premolars, ^ 



mtJacB, ';;- The articulation of the lower jaw with the skull corresponds t» 

tluit in Ungulates. The postt^rior nares open behind the last upper molars. 
The brain was email and somewhat convoluted. The skeleton most rnsemblea 
that of OamiTores, especially the Z'nidce, but the scnphoid and lunar bones 
i» not united, and there is a third trochanter on the femur. The radius and 
aloa, and the tibia and fibula, are distinct. The feet are plantigrade, and 
each had five digits, all terminated with long, compressed and pointed 
ongual plialan<reB, somewhat similar to those in the bear^. The other 
genera of Ibis order are law known, but all apparently had the same general 
character,". There are two distinct families, Tiltolheridir, in which tlio 
huge tUL-isors grew from persistent pulps, while the molars have roots ; and 
&v Styliuadontida, in which all the teeth are rootU'ss. Some of the animals 
of this group were as large as a tapir. With Ilyrax or the To.vodonti'n 
the present order appears to have no near affinities. — " Sillimun's Americflft 
Jptunal," Much 1675. 



roi'ri.*ll RflESOf TtEVTEW. 



.MEDICAL i^ClEN'CE. ^M 

TmUmnU of C^imknt Jatauliff bif ElfftrifHj/. —iii. Uetliajdt, of flHI 
fint deturminM Itie pmiUon of the ^ll-bladdet bj pptciMNoa at tfce fi 
bontor of thn li*er. This ran afl«n hi delMt«d by a bduU, rounded pva 
vtmco M the iuferiotMnTisiityof tbo liTer, nnd r-onbeensiljriiuide t? 
Thn nlwlmde of k strong inductiTo electric machine is ap;^i«d ftl llii 
whilo tho uth«rulMtinde iaR)ipU(MlRt the other fide of tbemedisn 
linp. Almost sln-Rvs, wlien tho (-iirrpnt ia powerful, ■ giiTf;liD<e aonnd 
b« liwud, And yen- ufleu thu fifcus reeume their natural colour, &nd the 
i* «fl«ctnd. 

TAf Antic SrffdiUtm.—Thv "Lancpt" stalaa thnt the propoied Anti 
oxpndition, which will soon ho nn Etccomplished fact, will bflbid ma 
»p|Kirlunitie* uf jrftinin^ iiMfuI knowledge on the importAnt subject 
Mnitixry srinncn nflrml. Although the records nf moat Arctic expedition! 
iiinludo some nocounta of scurry, we mnj fnirly hope tbtA the dueue will 
Hod no pluce iu the forthcoming exploration. But mRn,T valuable uotea amj 
ha made m to diet, rontilation, clothing, and tempemtiire, that might 
turned to pmctical account by all enpaired in looking after the health 
Mnmcn, whether in tha royal or tho raerchnnt service. 

Ti4 Comic Ai^>e<:t of Crfinalion.— The following quotation IS, according to 
nn .\merican cola miwirary, from the London "Ijancet;'"— The question "f 
burning the d^ad Is exciting much discussion in Catifoniia. One pap«r 
auggeata aninn rnndings on pintus of funeral urns in the future: ''Oharicf 
Pupker, ."4 lbs,, crentaU>d July t>. 1879. Fur wife of above see third picB* 
bottle on ne:;t shelf. little Tnoimy. burnt up ^ept 10, 1881. Jane Matilda 
I'nrkinfl, C)ct D, 18fl.T. Put up by the Alden Corpse Cremating Company. 
Nono genuine without Mgnature," 

Tiactmt of .^hco/i/y'"' (iliilyHUtt in Iniermi/fmt JViw.— The foUuvhir 
i*sults are summed up by Dr. irir»ch (" Berl. Klin. Wochenachriff," No. .W) 
ns obtained IVom his experiments with thn tincture in nine cases of obsliaatA 
intermittent fever: 1. In all the cases. alYer the una of the remedy for on« 
or more days, the spleen diminished in size, 2. In tix cn^a, Ilitee, at niMt 
four, teaapoonfula of the medicine were auffident to prevent a return of th* 
pMoxyams, In one case only was the double quantity required. ;1. Rarw 
of tho nine casea were cured completely j in the remaining two thtf TtmaSj 
proved uneuccesflful. From these results Dr. 11. draws the conclusion tbil 
tinct, eucalypt. glob, ia a remedy but little, if any, inferior to quinine id (h* 
treatment of intemiitlent fever, nnd thnt it will probably prove to he M 
valuable an antiphlogistic iu tho treatment of other fevers as quinine, digi- 
talis, and veratrum. 

TYeueation of Pitting in Small-po.r.—Tit. "Ward has found that the ap- 
plication of honey, painted on with a cBmel's-bair brush twice of thrica i 
t1ay, preventa pitting in small-pox. lie alao rec^ommenda it for cracks ia ibn 
akin from frost. 

Ciffart de Jjij "» n jtrivenlitt of Asthma, — We thoroughly endorse what 
3siudonthia subject in the " Medical Record" (March 1"), We beljerc 
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ihsse ci^nra to be oiiu «( the very beat preTeiitives in aslliuia. 
" Record " myt : " The metliod of uainp is simple enough. They need only 
ii> be lighted Rnd l» bi> siiiokt>d ns the OreoIiB nre iii the habit of smoking 
ri);arett«a of light 'I'ui'liish tobacco, iinmelv, by taking n deep sighing in- 
spiration ns each piilV nf smolte is drawn into the mouth. This sucks the 
medicated fumes into thi.> iuivlub«s, And impregnates the nlr which pHsees 
ioto the lungs with the voliitilised chemicals with which the cigarettc- 
pnper is impregnateil. The local itpplieatJoD of the medicatiou baa a very 
npid effect in soothing broachial irritation and relieving the aptisuis of dir- 
tubet. One cigar nt ii time usually aufHcea. Many varieties of papers and 
dgniB have been iuti'iiJucnl since first ilie 'cignra de Joy' nere broiig-ht 
into notice; but none of the more recent introductions bay a proved mora 
lienerally useful than lliedu j nud thus, although they may have been partly 
iMt sight of in the little crowd of nsw aspinwta for favour, they are not less 
deeerviiig of notice ihaii evi-v, for they liave lost none nf their therapeutic 

How lo deduce fti/fWHp Falnrsi. — The "Practitioner" (Feb. 1870) givea 
the following means adopted by a French gentleman with ibo most satis- 
faclory results: — " M, I'hilibcrt, at once an obaorver and a euhject of this 
disease, at 3(! years of agtr, weighed upwards of 340 lbs. and measured lire 
feet round the waist. He consulted IJr. Scliindler, and the following rules 
were laid down for him : — To rise at G A.M. ; between 0,30 and 7, three glasses 
of Kreuibrunn wnler : from 7.30 to 8, two pggs, a cup of tea, and a morsel 
of bread ; from !> lo 10, vapour bath to sweating, followed by friction with 
a glove and a douche of cold water ; vapour bath again to sweating, followed 
by friction with a soft brush ; vapour bath again, and excitation of the skin 
by flagellation with a branch of poplar with leaves on, followed by cold 
duucbe. After leniing the bath, friction with vinegar; to take a walk after 
the bath. At II \.si., M^cond breakfast, meat or fish, vegetables (haricot 
beans), half a. buttlo nf wine, with a morsel of bread. From 13 to 0, steady 
and sercre walking exiTcise, short of fatigue. At (! r.U., dinner, cold meat, 
n iwfi/in'r, hair a bottle of wine, and a little bread. After dinner, another 
walk. At 8 *.ir., fiiition with soap. At 8.20, bed, with cold compress to 
belly for a tin:e; alH<' lire pills contain bg alkaline bases. This treatment 
was well supported for five weeks with steady improvement, exercise being 
more en^ily borne, ajid sleep required less. The thirst, which at first was 
ezces^ve, diminishtd. Loks of weight in six weelis, 35 lbs. M. Fhilibert 
then went lo Slarieiihad, and then to Fontoinebleau, where ho tried the 
raisin cure. At neithfV of ihese places did he take any vejielable (legume) 
ur raw fruit. In four months his weight lisd fallen to 260 Iba,, and ns the 
improvetnent continued, he now, five years after commencement of treat- 
ment, weighs only 100 lbs., and his general health is excellent." 
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METAI.I-UItGY, MINEnAI/K)Y, AND MlNtNjfl 

Ciyilak ff FaijaUte from a Furnace Cmda: — At one of ihe «l 
of tlia MitnchPBter PhiloBOpliiciJ Society, Mr. William II. JohoMH, 
showed two remnrlia'ble pieces of iron under trata n fiiriMce in ' 
iron :b re-hented. The samples showed on one etde emM dork printut; 
eiyatali, which appenred to hnre been formed in a cavitj of ihe cinJ 
cooled ill the cinder bogie, The reTerse side ot one of them had 
the wall of a second cavity; i\a Hurface was. however, smooth, Uuk 
shining, uid studded nil over nith tlio eidt^a of oblong j«t-blflck 
nnusu^ty iridescent. He reinarlcod tbitt prohnbly these crystals we 
lite, an iron chTysolitc, a mineral fouod in the Monroe Mountaim in Irdud 
which is snnietimBH iridescent, and wtioee chemical cninpositiou i» ti 
seated by the formula Fe,SiOj. They nre the more worthy of notice . 
the rare occurrence of crystals in mill-fumace cinder. 

Litdtrigil, a Aew Mineral from Bimal. — According to a paper by HmtQ; 
Tsehermalt, in a late number of Liebip's " Annalen der CbSmtP," 
of this mineral have been recently brought from Momwitxa. I 
fine, generally parallel fibres, whence recent specimens have s silty luKM. 
The colour is blackisb-preen, but there is a niotliflcation slmost hluk irilh 
a violet oast It is very tough, and the fihros are not easily separaled bm. 
each other. They ni'e sometimes 8 contimfetreB in len^. The 
accompanied by magnetite in the shape of small gi^ins, which interwctth 
mass in threads and v^ins. Qranules of calcite are also mot with. In \tA- 
nesa the mineral is equal to apatite. Its sp. gr. ranj^es from ■^'007 to41}lS 
The streak is blackish^een, but paler than the mnsa. The finett In^ 
menla, when examined under a power of 200 diameters, are tnaspWt 
■with a greeniflh-browa colour. Its compoation is — 

Boracic acid IttOO 

Oxide of iron .TO-OS 

Protoxide of iron .... 12-40 
Magnesia .11 ■CO 

]00U( 
A new Mmernl — LiiHnffMoiiile. — ^Thia mineral, recently dcBCribcd bjSaiW 
M. Bfircena fseo " Silliman's American Jouroal," lost vol. p. 145), ha ' 
analysed by its describer with the foIlowinFC results : Sulpbnr SO-08, i 
mony 63'12, mercury I4O0, iron 3-50=(W'r0; whence the niitmnie ratJof' 
the aulphur, antimony, mercury and iron 18'17 : 8'7 : 1'4 : l'2-(i»ulj) 
15:7:1:1. The livingstonite occurs at Iluitiuco, in tho Stale of Gu«^ 
rero, in a matrix of carbonate and sulphate of lime, alung with nittn 
sulphur, cinnabar, valentinlte and stibnite. The author menlioos the aaCDr 
rence of some spedmena of cinnabar at the locality which have tb<i tam 
livingatonile, and which, therefore, are pseudomorphous. 

niua ii Koppitef — We learn from a recent number of the " Acadsmj' 
that, under the name of iu;>r''^<^i'''eB8orKnop of Oarlwuhe, haspiibUskfJ 
the prelumsaiy deecriptiDn of a new miners! from the KaiseiBlubl, uhlch 
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n^ dedicates to Ilofntth Kopp, of Heidelberg, ^[istiilteii liitlierto for 
pj'roriilore, it turns out to be a niobnte of vftrinus metob, including calcium, 
cerium, iHnthBnum, didymiuni, potusaiuiu, &c. : a part of the oxygen in the 
compound being replaced by fluoriuc. 

Mints of Pyrites of Wiymou, JVonray.— Tlio "Ohemica! Now*'' of 
Jaa. 8, 1876, gives the following note from arecent pnporbyM.P. Kuhlsuuu), 
jun. : — "The WigsnoeB mine is aitunte in the ialnnd of Ksrmo, on the west 
const of the ScAndinavisn peninsulft. It was diflcovered in 184UJ b; n Franeli 
«n^iieer, M, Defrance. The beds of p3Tite3 ore in contnct with metomoiw 
pbntic schist oti one side, and on the other with gnbro, known bs bjperite 
itnd euphotide, composed of a granular mass of labr&dorite, white, green, 
imd Tiolot, strongly impregnated with amaioge and diallage. It contflina 
rock crystal, titnniferoua iron, and gameb". Tlio ore is generally composed 
of sulphuret of iron minted with aulphuret of copper and furrowed with 
blende. The gaugue ia silica, with a little flour spar and chlorite. Traces 
of carbonate of lime are also found. The average propoition of sulphur is 
4'j per cent, with 3 per cent of copper, though certain parts contain 12 to 
14 per cent, of thac metal. .Specimens of metallic copper are also found. 
Silver and gold occur only in very emnll quantities. Of arsenic tbera is not 

^B^bBCt', which (rreatly enhances the value nf the ore for tbo riianufucture of 

^Ellphuric acid." 



METEOROLOGY. 



WtaUtei- Cliaiis. — The Signal Oflice of the United States has sent over for 
distribution in this country a number of copies of the Tolumes containing 
the reduced daily charts, with the "Probabilities'' and results for the 
months of October and November, 1873. The magnificence, says the 
'■ Academy," March 0, 187G, of the outlay on one science at the other side 
of the Atlantic makes iis Europeans a little envious, as it is only with 
difficulty that Oaptwn Hoffmeyer can procure a sufEdency of Bubscribers to 
guarantee himself agoinit serious losa iu hia issue of daily ayuoptic charts 
iif the weather of Europe: no European government dreama that such an 
ohjecl merits official pecuniary support. In this connexion we may remark 
tlint Captain Iloffmever announces that the future issue of his charts (see 
■lur issue of January 16) will be on a conical instead of " Mercntor'a " 
projection, imd will therefore embrace a, far larger extent of the earth's 
tmtfnce iu high latitudes. Furthermore, they will contain some information 
a* to temperature, all which changes will be recognised as de^iirable 

^n (Btprovementa by many of the supporters of the undertnJiing. 

^^^ Me/eorolofftf in its Rdation to Geoip-aphij. — The progress of this branch of 

^^■tlmce has been well mapped out in a. recent essay on the subject. Dr. 

I 'Hmii), who has paid more attention to the investigation of tho climate of 
distant regions, pspecially in the southern hemisphere, than anyone else, 
\\-M begua the laudable practice of publishing a yearly Report on the 
I'riigreas of Qeogtaphieal Meteorology. The first report, which appeared 
Listyearin the third volume of Dehm's"GeogTBphiacheaJ'ahrbuch"(Gotha; 
rvrihee), consisted miunly of a summary of the different existing meteor.}' 
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sricRosoopy. 

ll'itr) to filam Thin Zmitn or Ortm Sfdioni for thii .Wim 
(', JrilindoD ndtpu the mcthnd described below, wliich lie titf^ 
iiti MMy nil llif Buljoct in the "Monthly Mlcmgcnpit^nl Journal;' 
" ('oloiir rriunt limt bo removed, or else stoiuing would be of little » 
TUb lilPBchiiiK in to bo Bcwiinplielied through the «g«icy of I^bwiaqin' 
#iiIiillon of (^lihiritiHtiid toda, in which the objects oti)-ht t 
mill kiilTiirod to ri'innin until purfecily ncbromatiL- nnd lraiis]>nmnL 
niinlliiliil; thorvarivr others must ho transferred to distilled water for U 
. iMUrrtr iwi), Mid then to nil )wr cent. S'^lulion of oiidicHcidii 
(livt. uhlcdi niiiilnili"!'!! thf andn nnd dinpojc* tlie ti 
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^Hffiuf dye. .Vt the operator'a plvnaure, tlie cLluriuatcd leaves may b& 
^Hiwd ia pure water for aa hour, Hud afternardi; in a -'1 per i-nnt. aqueous 
^^Klion ofaliim, in prepnradon for tlitj Iw/it-uoil atiunia;;. If tliu anUinc blue 
^^Hbe cLoseii, let tbe nciduluted leaves be immersed in the blue lluid, and 
^^^ed for twenty oi thirty minutes. Upon being TCithdrBwn tbeir colour 
^■H be found to lie very intense, but waabiug' in 00 per cent, alcobol for half 
^Bkisule will remove siipeTfluoio anilitie, and n. linol bath in absolute alcohol 
^Hp in a few minutes prepare the object for boing: foniked in oil of clovea. 
^^Bfa » bent platinum spntuln the transparent prepai'ationa uiust he laid 
^^Hb > lUde, reui-ive a liberal qutuility of a solution of old balsam in chloro> 
^^b pouied upon it, and ba covered with thin glasa, on which a small 
^^■Riit is to be placed. In the course of a month or two the excess of 
^^^Hiii may be cleaned oH, but the slide should bear n provisional label 
^^Hn the specimen is ninuuted." 

^^fflu KrammatioH of Utooil-vvfpiadci. — The ordinary method of soaking 
out the shrivelled and distorted cells from a diicd blood stain nr clot, and 
then measuring their diameter under a suitably high power, ia conceded to 
be satisfactory in many of the moat freijuently occuriiujT cases (for instance, 
Dr. J. O. Richardson, U.S.A., who has been for seveml years u prominent 
adTocate of the reliability of this method of distinguishing human blood, 
under high poivenifrom that of certain domestic animals, has luceully shown 
hy numereus e^tperiuients the feasibility of thus distinguishing the blood of 
man. ox, and sheep) ; but it fulls when the corpuscles approach eacli other 
loo nearly in siic- It also (says the " American Naturalist," February) 
gifca uasalisfactoiy results with the ovul nucleated corpuscles of reptiles, 
&C., which, when swelled by soaking, do not arrive at their original con- 
dition. Dr. It. M. Bertolet, of the Pliiliidelphia Hospital, is represented as 
advising the following method of staining these corpuscles, which is ap- 
plying one of the chemical testa for blood in a new way and with great 
preciaon. The blood is moistened with slightly acidulated glycerine, and 
then carefully irrigated with an alcoholic solution of guiacum resin, and 
finally a small quantity of ethereal solution of oxonic ether (peroxide of 
hydrogen) is flowed beneath the cover. By this procedure the whole 
corpuscle is stained of a uniform colour, which varies in ditferent corpuscles 
from a. light sapphire to a deep blue, except in case of the nucleated cor- 
puscles in which the nucleus osdume a distinctly diH'erent tint from the rest. 
Ataa-iean Opinion nf Jlou's Mun-otcopei, — We had imagiued that the 
"American ^latlU■aIist" had extremely Anieriean prejudices, but it seemi 
Avu are entirely mistaken, as the following observattous, tidien from its 
number for February 1875, will show : — " The adoption by this groat house 
of the Jackson model of stand {which has loug beeu very generally pre- 
ferred in this country, if nut everywhere), in pliice of the transverse bar 
model which had come to be familiarly known as the Itoss style, ia an 
innovation of sufficient importance to attract spedol notice, and, we may 
add, congratulation. The magnificent workmanship of tbe old Itosa stand 
is aa secret, and is a sulIicieDt assurance of the mechanical excellence of the 
new ones, while the fact that ibey are designed by Mr. Wenham leaves 
nothing to be said as to their microscopical efliciency. The new stands, 
while adhering substantially to the Jackson model, combine soma of tlis 



tiMl rentiiro iif tlii- prcTioua »iMai» of Itosa, E'awcll £ Iri>a]Bnil, I^dd, md 
other iiiftki.'r«. Tho llou new pAtvot abject-gUw« {dorUed br Sir. Wra- 
hua) oil) buliuved by tbu iiinlcera to Iidts m> weII proipd their ■uperiaalf 
tbkl th*?7 nru now oxcluaivcly oHctcd, luid the old cnnsUactiun »( 
fkiin Uin hftlf incli upwarda." 

Mieru*ct>}iirnl I'ltfrrt of /he Qiuirlif.— Tile foDowmp |uipe» bare 
publtsbed in Uin ■' Monlbly Mirrorcopicnl Journnl" fur JoauArr, Trhnan, 
iUjdMarch,I87»:— 

On tbo Dovelnpmont ot tiia Sninller niood-TtaNb in Ifac Tlnm 
Kmbryo. liy Dr. H. H. Schmidt, of New Orlawa, l\3^\.— On 
Pil^ent-Flftkcui, Pigmenlnry Porliclw, end I^gacDt-^^calMb 
JoMph O. IticbArdioD, M.B., Alicroscnpbt to the Peoa^ltuiU IIwptttL 
—On n ModiHcntion of the "Slit" for Tyattug An^-fc. By K. a 
Tolk'S, Itoiton, i;.S.A.— On Some Mnlo Rolifort. Ht C. T. Hm!>m, 
IJ^.l). — <)u thu Invisibility of MiQut« Hsfraciin^ BuJka innscd Vf 
Kxcrn of Apcrturr, nnd upon the Devi^lupmeiit nf Dtitck Apetton 
Tcnt-bnndii nnd DilTraction llinpi'. IJy Dr. RoTaton-Wgjmtl, MA, 
F.li.S., Sc.—Un Hop Moasea. By R. Braithwaile, ALU., 1-",L.S., ia- 
On the Similarity botwpon the lied Blood-corpuacles of Man and tbia* 
of ccrtnin other MaramaU, e!>pecial]y the Dog ; coosidcrc-d in cunnoctim 
with thn Dingnoniii uf Blood Staiox in Criminal Cases. By Or. J. J- 
Woodword, U.S. Army,— A Now Illuminftting Appamlua for th» 
Mlcroacopo- By I'lofoaiior E. Abbe, of Jena, — Tbo I'msident'a AddwM 
totbu Itoynl Microwopicjil Society. — Studies in tbo Natuntl Ilirtoiytf 
the Umtoi. By \V. M. Ord, M.B. I»nd„ Senior Assistant- I'hyMcno 
to St. Thoinas's II ospilal.— Certain Fungi rnrftsitic on Ilaota. Bj 
Tliitmiui Taylor, Mioroscopiat of the United Stntes' Ihii-nrtmant ut 
Agriculture, Wiuibinjiton, D.C, U.S.,\. 



PHYSICS, 

A Kew tnntritiiifnt fav Mult'jil^in<; Snuill Motioas. — This la (Iw 1 
of a paper which wna lately rood bofoni the Physical .Society by Mr. fl. fM 
ItodwoU. The instrument conviBta of a train of multiplyinj; nli(«l«,U' 
lint ol' which is moved by the body whose ehingalion is to be dalenniaed, 
while tbe teeth of iho la«t engage with the threads of an eodleaa acnvj 
wboae axis is vortical, and cairies at its upper extron)!^ a lony indcs n 
over a graduated circle. 

Apparntm fur thuiriiii/ Intemnl JletUtmicn in liattrri/ Cflh,— 
Mdcleod read n paper ou this subject before thu Physical Sodutjr. 
tubes about half a m^tre Ion),', and one of which ia twic* Ibe diomitt 
of tbe other, are ilo»ed at their lower ends with corks. On tli« corks si 
within the tuboa rest two discs of platinuin ftnl, cannected with Undli 
screws by plHtiinim wires piasiog through tbe corks. Tbe plntumm p 
are roTcred with small i^uantities of chloride of silver, and ths tubes « 
lillod with n solution of chloride of zini.'. Each tube is provided J 
disc of ftmalgttBiated sine eoldered to a long coppiir wire, nhidig 
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corertd hv an iDBulnliag malerinl. The discs nre out bo (.hat tliej nenrlj fit 
the tu1)es, one being exactly double the diameter of tlie other, and therefore 
expoMng four times tiie surface to the action of the liquid. On connecting 
the tcrminiLls with n gal vimo meter, the current will be found to increnm as 
the distance between the xinc and plfttiuuni plates is diminiabed by lower- 
ing tlie xiac plate iu tlie tube. In order to ohttun the same deflection of the 
gnlTnnometer by tbo unrrow cell, the distiuico between tlio platea must be 
ODe-fourth of the diatjince between those of the larger one. 

Index of Refraction of LiiitufU. — MM. Terquem and Trannin propose n 
new method of determining the index of refraction of liquids, based on total 
ivflecti'iD- A small tank with parallel sides of glass is used to contain the 
liquid. In this ore placed tn'o plslea of glass cemented along the edges, nnd 
free to turn through a nieasurnble angle. The whole is placed between the 
collimator and observing telescnpe of an optical circle. The image of the slit 
bdng diaUnctl; seen, the plates are turned until total retlection takes place, 
when the alit disappeiira. Then turnini; the plates in the opposite direction, n 
becond measurement is obtained, nnd the dilTerence equals twice the limiting 
angle of the liquid with regnrd to iiir. With common light the image 
tuniB red before disappearing, but with monochromatic light tlie disappear- 
ance is almost iustantAneous, and can be determined within a quitrlec of a 
minute. With a Geisaler tube containing hydrogen ua a soarce of light, the 
image oadergoea two marked changes of colour, due to the total reflection 
of tbe two raja Hy and RB. The error then is only about half a minute, 
and for ITi about a quarter of ft minute. The measurements of several 
liquids are gireo, agreeing very closely with previous determinatiDns, the 
difference being readily accounted for by the difficulty of obtaining the 
liquid perfectly pure. — See nlao " Comptes liendus," Ixviii. p. 1843. 

Expanaion if Hard Rubber. — Having ssveTol times noticed that glass 
flasks, closed hy stoppers of hard rubber, burst, M. Kohlrauach concluded 
that this substance must be very dilatable. This hypothesis was fully vcri- 
tied by eiperinient, for the expooMon of this body was found to be nbout 
three times that of zinc. From his measures, the coefficient of dilatalioa 
for 1° between 10°'7 and 25°'.') = -0000770, and between SS^-S and 35°-4 - 
iXXK)843. Thuf, not only has bnrd rubber a very great coefficient of dilata- 
tion, but tbe latter increases very rapidly with the temperature. This 
remarkable property can be applied to the construction of very delicate 
theruiomtterB. TbuB, with a soiall instrument, consisting of two strips of 
rubber nnd ivory, 20 cms. long, glued together nnd fastened at one end, wo 
obtain, ut the other extremity, a movement of severnl millimetres for a 
cbauge of temperature of one degree. The coefficient of hard rubber ia 
equul, at zero, to that of mercury ; above, it is greater. We can, then, as a 
curiouty, construct a mercury thermometer with 
stance, whose changes wilt be the opposite of those of i 
meter, nnd which will fall with an increase of temperature, 

SirtgiHij Flamet and Si/mpathetic Vtbratiani. — M. E, Gripon bns studied at 
length the influence exercised on the vibrations of a column of air by neigh- 
boring sonorous bodies. lie concludes that the pitch of a vibrating moss 
. of air is rniued bj bringing near its orifice an elastic membrane or a second 
ir which alone would give the same note. A similar elFect is pro- 
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duoMl, liut in ■ teas marked ntuner, If ikc mcooi maM nf air or 
hu a bigber pitcli Iban Hm firaL The pilch nf ■ menbrAne, on Um i 
liMid, ii lowered b_v bringing a lolid bodt- aent it In onin Uint • Ui 
air, bounded on one nd? Ijv b taemlirane and on Ibr otlicr br a pLuin' 
pwallel to it formed bj n eolid &e« around ila rdgt. mav bo reiniiimd bv 
gireo soond, ita thJckoeM muat be proponional la it* length i furUi«r, tUa 
Uuckneas depend* on the ratio which eiistd betneen tW »oiu)d 
the roeinbTiuie and the given sound, and n!ao on the nnture md C 
of the membrane. We con, with Mundiog tuhea with flute emboudiit»r 
tpproduce the prindpal pbeaomeoa obtained niUi singing Haines. The pitch 
of n pipe falls when we bring a ftolid bod; near ita oriiicp. This tUiteninf 
ia Blill produced when tht^ pipe U the centfe of a solid pUne wbich exUadj' 
indefinitely aroond the pipe. 

EUdrical Polaritalian. — A. great number of experiments on the altctrictl 
cunvnla acfotnpanying the non-dmultanwjus inimeraion of two memiT' 
electrodes in various liquids are deacribed in duloil by M. G. (jninclce, 
haa amred at tbe following conclusions : If two mercury t^k-ctitMlas, eoo- 
nected by the wire of a multiplier, be immersed one after tbe other in Mty 
liquid which ia a conductor of electricity (water, alcohol, ralioe aolntioB^ 
&C.}, an electric current ia obeerved passing from llie fn-^ly netted meicni; 
eurface through the liquid to the other mercury surface. The strengUl of 
the current diminishea ns the resistance of the liquid column betwren 
electrodes is increased. The electromotive for<-e Tnriea with thi< nature <if 
the liquid and increases ns the concentration dimioishea, in aorae eaaw 
amounting to frO of a \'olt. The electromolive force increaaee if tlid 
boundary surface of mercury with the Rurrouading liquid in tl>e laat im- 
mened electrode is more quickly produced. It soon, however, rendiM a 
maximum, especially in the case of viscous liquids like glycerine. TIm 
Muse of these currenta is probably the alteration in molecular conditloD 
('cbange of density or concentrution), which is gradunlty accomplished In 
the liquid near the surface of contact aAer tbe weldng. 

Cunmu Effni uf Flaiiie on an Elrelnc %»'I.— A curious elTeet of a gw 
flame on tlie current of a Haiti machine has been recently noticed ty 
Mr. 8, J. Mixter, and is recorded in " Silliman'a American .lounta! " Iw 
January 1875. The jet consisted of n glass tube drnwn out to n point, sod 
the flame had a length of about on inch and a dianietcr of ouly an eighth 
of an inch. Inserting this between the two terminals of the niocbioe, tb 
length of spark nbtainnblo wna at once increased from less than t«ii ioebsa 
to over twelve, the full distJuice to which the balU could be aepanttd. 
The same increase was not obtained by simply inserting a conductor betwMi 
the two terminals, a boll an inch in diameter only lengthening tbe apaik 
about an inch. 

MelaUie Sulphides ami their Eledric condaeting Puvrr. — In a number of 
the " Academy " for March appears the following note on this subject:— 
Apropos of a paper which appeared recently in " Pogg, Aon.," and w«» 
noticed in the " Academy " (Jan. 30), on the behaviour of iron and Ited 
ban inn galvanic circuit, M. F. Brann, in " I'ogg. Ann."<cliii. p. uO~), J^n* 
en accoimt of certain curious phenomena connected with the 
electric currents through natural and artiRciiil nietallic aul] 
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pnppr is iu tended to be preliruinarj, the general cnaditiotis ittid diHiciilties 
uf the experiments, and some of the results obtnined, being only rvcorded. 
TL a galvanic resistance of the metallic Rutpbides cxanlned, whether in the 
eijstalline form nr otiierwiee, was found to vary with the ilirectioD, strength, 
and duration of the citrreat which paased through them, 

Electro$taiw Lnli'cftoii.—'Vbo " Comptes llendus " (Ixxii. p. 1071) coulains 
a paper of interest on the above aiibject. M. Neyreneuf had repeated nith 
a Htilti the e>:pcrimenlB of ATM. Yerdet and Masson, to determine the 
direction of the iadiiced current with the electric egg-. Two Matteiicci discs 
contain, one the inducing, the other the induced spiral. This latter is put 
in connection -with the two extremitiea of a cylindrical UeissltT tube 
no cms. long. The first spiral >n connected by one end with tjie ni-gative 
armature of the machine, while the other is attached to one plate of a con- 
denser with air film, whose collector communicated with the positive anna- 
tare. The sparh leaps between the two armatures of the machine from 
which the condensers hnve been removed. Two currents in opposite 
directions traverse the inducing spiral under the.°e conditions, the one to 
charge, the other to discharge the condenser. Those produced in the second 
spiral illuminate the Geissler tube very brilliantly. With an explosive dia- 
Isnce of ^ cms. we observe clearly the difference in npiwaranca of the two 
poles; but we 'cnn, by diminishing it condnuously, produce three separata 
inrersions at the instants when the appearance of the two poles is identical. 
Ulien the striking distance is 3 cms. largo and widely separated strati- 
fications are formed, but presenting before the Inst inversion nil the charac- 
ter* produced by a liuhmkorff coil. The same effects are produced by 
altering the dbtance of the spirals or of the pistes of the condeui^r. These 
condensers show that the phenomenon in question bears no relation to the 
latcml discharge, characterised especially by the constancy of the direction 
of the current it produces. 

D</es the T/termat Candiietiafi/ of Mercury vary Kith the Temperaliiret — 
The following important note appears in the " Academy " (March ). The 
author remarks that the paper it refers to, which appears in the " Fhiloso- 
phical Magazine " for March, was originally communicated to " T'oggendorffa 
.\nDalen." According to Wiedemann and Franz, the metals have equal 
Mnducting power for heat and electricity, and since we know from numer- 
ous esiM>riments that for electric conductivity a very marked voiiability 
with the temperatures takes place, it follows, if the statement of Wiedemann 
and Franz be true, that there will bo found for the thermal conductivity of 
ninst metals a variability with temperature in about the same degree. Ou 
the other hand Loreni has asserted the independence of temperature of the 
heat-(Mnductivily of pure metals which remain homogeneous, and accounted 
for the observed variations by assuming the development of thermo-electric 
currents in consequence of unequal heating of the metals. To decide this 
question it was necessary to employ a pure metal which remains homoge- 
neous, and mercury was accordinf^ly selected as being the only known metal 
satisfying the condition. Herwig's experiments show that between 40^ and 
160° C. the heat-conducting power of pure mercury is perfectiy constant, 
and so far confirm the results of Loreni. The author is occupied with the 
arrangement of experiments the object of which is to asceriuin how fur 
aolid metals differ tn thair behaviour from mercury. 
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TU Kladicitt/ of Ilodi ef (Vi£-tfnmu Spar.— la ibm " Cben'ol Stna ' 
Ft& 12, Ilerr U. BouiDgwten pit* u 
to determine Uie ciMticitT or crritelliBe l«dieg^ 
relected for the take of c>nTpnieace. TIte retulti nuj be MmUMd up h 
follows ; — The bending of a roi] ii indfpendent of tbc porition td tlk> html 
plane ; it dependa no dinieiuioDs ui the mne manner a* in in ill llJIllUlW 
bodies, being directly pro<|iorticaial to t)ie cube of tbe l^ngUi, and tndicen^ 
pinporlionid to the cubes of the bieadUi and tbickneas. Tltv U d» spanitrj 
towaidj the principal axis. Ttie mintmiuo bradiD^ ia in tbe direction pt 
the coiiiera, and the miuimam in tbn ebort rbcnnbu* diagonaL It aiftlB 
tbmt nil tho plnnea of a rbooibobedfal primarj form are tao^enti of tbt 
ini{Mrfit.-iefl of defli-ction alnog n curve. Tbe deSectiood are not pmpMtionil 
hi tbo ned^ht^, and tbe increase of tbe defleelionH becomes naaller whsn tbt 
ureighta are greater. It appears as if the liaeir diBereutisl equatknt of 
ela«ticit7 lofit Iheir validity in caae of rrjeiala. 

On l^tfctfic Gramtij, — In a lato number of the " Trocee JiiJg» of ll« 
Philadelphia Academy of Sderce." Profi-saor Le*ly remarks, that in Uking 
the tpeciBc gravity of minerala by means of the Ksdna in wei^iing Ik* 
mibgtsnce in water, tbe usual plas is to sufpoiid it from one uAn ti tb* 
inRtrument by n delicate thread or bair. The nltachment of the ipeeiBNa 
was tedious and often difficult, eapeciully iu tbe case of Bmall cfysUlaWil 
poliabed gems, from which the bur would slip, aud could only be muti tn 
retain its position by causing it to sticli with soinu ndheaive matter. Qt 
diapen9<!d witb the thread or hair, nod substituted «n one side of iba iMlnn 
a double disb. Tbe lower dish is perfornted, and is kept suspended in ■ 
;;la«e of water. After weighing the spcdtnen in lur ta tbe tipper dtsh.ili' 
aimply noces.'«r)' to change its place to the lower dish to weigh i' "• 

LiffliU Uiat art Uufid in riM"ijraphj.— In the '• Coniptca Randw" 
(Jan. S6), MM. Iliche luid Diirdy stutu that they bave re-e.tamined tK» 
bisulphide of cnrbon and nitric oside light of OelacbaDal imd M«mct,iii 
the hope of finding menns to obviate the danger of explosion, eithei V 
modifying tbe manner of opemting, or by euppressin:; the use of salp^ 
of carbon, and of comparing- tbe vnrioas ttames which act upon tbe nit* e) 
ulver. They recommend aa the most ellicacioua, and as perfoclly fwe &**" 
danger, the llamu of sulphur burning in n jet of oxygen. 

EteclrtMihrmieai lienUtanct of .l^niinivin.— Tbe "Chemical Sews"" 
Feb. 20 mya thnt M. E. llucretet has recently been experimenting on lU» 
subject. It seems that a voltameter with acidulated water recei<rGd ail^F 
of platinum and a slip of nJumiuium, placed in communicntioa witb t^* 
poles of B. battery; if the aluminium b the negattre electrode, hydrogtD >> 
disengaged upon it, and tbe current hoA it» ordinary intensity. WbwtH 
direction of the current is reversed, there is no longer decompontial t' 
water, and the intensity of the current becomes Tcry feeble. Tbe suito" 
tbe aluminium does not seem affected; it is prceerred by a thin laywrf 
nlumioa. Tbe nuthor nppUea these results to the construction of a IlilB^ 
rheotome, periuittiug the possaga of the current only in one direction. 



ZOOLOGY a:<d comparative anatomy. 

Tit Sktlrfmi of lie Ottriek Growp. — At a recent meeting of the Zo- 

dlgginl Society of London, Profewor MJTnrt, F.E.S., read tt paper on th& 

ud tkelvtoa of the Slrutbionidto, and pointed out tbnl, judfpng by th& 

uutera of tbe nxial slieleton, the Emeu prcGents tbe leoBt ditrerentiiil 

, ljj«; from whicii Rlica dirergea most on tile ons hand nnd Aplcnj.x: on the 

wj thut the reseniblancQ between Drommta and Camariiit is esceudingly 

e, while tlie axtnl slieletoa of Dtnorna is intermodinto between that of 

I Qhmi'u And Aptrryx; its affinities, however, with the e.iiating Kew 

I ^wlnd form very decidedly predominating'. 

Tilt Mtaaunmrnt of Blood Coi-ptuclia of AniinaU.—K commiinicalion was 
nd before the Zoological Society of London, from 5tr. George GuUiTer, 
J '>R.S., F.Z.S., containing nieaanrementa of the red corpuscleB of the blood 
I ^ Sippapotamuf mnphihms, Otan'ajubata, and Tnchccua rosmaivs. 

3%i Dnvloptnetit of Marine Sponi/e* is the subject of a couple of papers 
ffMBD^ in the " Annuls of Natural History." They are from the pen 
i^Alr. n. J. Carter, F.li.S., and give the results of his own observations, 
b were conducted from the time when tbe ovum first appears to the 
" a of ndult sponge. 
I Katice vf a Papri- on Emli-ijdoipj. — A capital notice is written in 
SiliiuiBn's American Journiil" for Dec. 1874, on the subject of Kowa- 
"^'Rky's recent [Ilusaian] papers on ICmbryology. In one of these the 
"^t-lior, it is inid [by Mr. Agassiz, jtm., who is the writer], "continnea 
^» in vea ligations he had been carrj-ing on regarding the existence of an 
j^<^emi and entoderm layer in the early embryonic slagea of invertebrates. 
^"^ the present paper be baa given a summary of the early Btagea of a Cam- 
^^^ularift, confirniing the ubservations of Wright nnd A. Agassiz. For 
T'^liijostoma nnd Casaiopea he shows that tbe digestive cavity ia formed by 
** B invagination of the ectoderm. This is contrary to tbe results of previous 
^^aaenera, except Schneider. For I'elagia he shows a direct development 
**m ibe egg remarkably similar to that of tbe Gerjonidm aa we know it 
^*>om Hteckel, Fol, and Metschnikoll*. He adds nothing to tlio embryology 
*^f Actinia not already known from the uiagiiiticent monograph of Lacaze- 
iDothit'rs. lie then passes on to the development of Alcyouium, of wLicli 
lie gives an extremely interesting sketch, supplemented by fragmenls on the 
embryology of Astriea, Gorgonia, and Cerianthua ; the development of the 
1«tter is strikingly similar ti> that of Edwardsia, aa wo know it during its 
possagc from Arachnactis to Edwardsia. lie has added a few observntions 
oo tbo earlier emhn'onic stages of Eschacholtzia, Beroe, and Eucbaria, com- 
pleting deficiencies in his earlier papers on the embryology of Ctenophorn;. 
Tbeso lupplementary observations agree completely with the observations of 
A. AgHssiz on the embryology of Ctenopbone." 

fioini' IWiiiinrilies of Amphio.ait. — In a moat important and valuable paper 

which I'rofeasor Huxley rend before the Linnean Society, on Doc 4, 1S74, 

there are some passages on tbe subject of the curious little fli'h, the 

^^ Aniphiuxu.'', which are of interest. Tbo Professor saya ; — "Ampbio;^us, 
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^liicb ao cloM.-!; rpaemble? nn Awndinn in its derelnprnenl, ku 
cavity wliicli esgeQlinliv curreapond^ with the atrium of thr.VKCidiMt, llmagk 
it is formed in a »om<.'nhnt dilTerent manntr. Une of the tiiouC ttrikinf 
peculiarities in the structure of Aoiphioxua is the fort that the bikly will 
(which ohvioiulv answerB to the somaluplijure of one of the Li<jrhrr Vtr 
brata, and indoles n ' pleuro-peritoneal ' cnvitj, in the walla of which ih* 
g^aeralice organs are developed) covers the branchial npcrtiiTOfi. aii that tin 
latter open into the 'pleiiro-peritonenl' cavity. This ncci 
verlehrated animal. Kowalewaky has proTed ibiit this tvty exceptional 
Biructure results from the development of the somattiplou 
which gTowB out from the bides of the body, and eventually iMcomcs uniud 
with its fdluw in the middle ventral line, leaving' only the siynsalW * 
nttoiy pore ' open. Stieda hita mentioned the existeDce of the raph£ in llu 
position of the line of union in the adult nuinial. lUthhe described t 
'abdominal canals' in Aniphioius; and Johamies Miiller, Aod m'jrv rMtntly 
Btieda, have described and figured these canals. However, Rathlio'a 
have no existence, and what have been tahen for them are giiujily ps 
or serai-i-'anala between the proper ventral wall of the abdomen and the ia- 
curved edges of two ridges developed nt the junction of the ventral ivilli ibe 
laternl faces of the body, which extend from behind the abdominal ym 
where they nearly meet, to thu sides of tlie mouth. Doubllesa, the (n 
which Koiralewahy saw pass out of the mouth had enteted into tbewsea 
canals when they left tbe body by the abdominal pore, and w(>rs conveyed 
by them to the oral region. The Tentral integument, between the veiitK- 
lateral laminie, is folded, as Stieda has indicated, into numerous claarM 
longitudinal plaits, which bnvo been mistaken for muscular libren, ai 
grooves between these plaits are occupied by epidermic rrlls, so tiiit,ill 
transverse section, the interspaces between the plaits Lave the appearsDCtv 
glandular cceco. Thia plaited organ appears tu represent tbe WoUQan dul 
of the higher Vertebreta, wbicb, in accordance n-ith the generally riahij/^ 
character of Ampbioxus, retains its primitive form of an open g 
sontatopleura of Amphioxus, theiefore, resembles that of ordinary VertebnU 
in ^ving rise to a Wolfhan duct by invagination of ita inner burfacr. 
tbe Woitfinn duct does not become converted into a tube, and its donil d 
osial wall unites with its fellow iu tlie rnphi? of the vciilrul boundary ot tbe 
perivisceral cavity.'' 

TAe true I\ait.iua of the Spongr* is, rs pointed out by Mr. A. & 
Packard in the " American Naturalist " (Feb, ltf"fi), between the C 
rata and the Proti/oo. Tbe embijc sponge arises from eggs which undaig" 
a total segmentation of tbe yolh. The free awimnitDii larva Ut«r In itilif) 
becomes fixed, loses its external cilia, but retvns its cidlulnr walls, D< 
composed of two layers, which are supported by silicious ( 
needles or spicules developed in tbe inner layer. To regard euoh • 
organism as a Protozoan, or even to compare it with a compound Uadiob- 
rian such as Spbierozoum, with its silicious spicules and nggri-ji^ttijiiii of odp 
celled organisms, would not seem warrant^^d. We have, in (iict, in I' 
light of tbe anatomical investigations of Liebcrkiibn, Carter and Clartt, ■ 
the combined analomicn] and embryologicol studies of Hicckel, Mctoi 
and Carter, no grounds for leaving them among the Prolozuo. 
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history of un nrg-Finiflm is HHbrded by the embrvologj of the aponge. 
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IliiMrket'a di^cnvery Ibnt tbe InrvA sponge ie a planuln, thongb not homo- 
logous wilb tbe embryo polype or jt^Uy-fish, enables the unturalifll to ttt I 
once decide Ibnt the i>pon;:e is not n PrcitozoBn, but belongs to a type only I 
less hig-hly organised than the lower polypefi, and with mora analogy to tha J 
Kadiates ihnn tbe Protozoa. If, under the guidauco of tbe results of tha 1 
studies of Li<;beri<Uhn, Carter, Clark, and particularly of Ilieckel and 
Metscbnikoif, we exaiuioe tbe atructure of a iiponge, we shall find that in 
its MmpleKt foim it is a hollow, vertical cjlioder, fastened by its base, with 
the mouth opening upwards from a central gastro- vascular cavity, with 
dlinted epithtlinl cells lining the cavity, and possessing a surprising degree 
of individuality. There usually are several mouths, and tbe cavity usually 
opens into a labyrinth of chambers connected by passages through the 
cellular tissue ; these round chambers being lined with ciliated epithelial 
cells. This bmly is 5U[rported by a basket-work of interlaced needles of 
ulicn or lime, developed in tbe inner layer of cells of the larva. Such, in I 
brief, is the sponge. Does tbe fact that in tlie simplest, immature forms, i 
we have quite a regular body-wall and a single cavity, compel us to range 
tbe sponges side by aide, and in the same iintural division with the polypes 
and jelly-fishea, in the typical forma of which the central cavity acla as a 
mouth P iletschnikofT baa shown that it would seem to be a violation of 
the existing principles of classification to place together animals ao unlike. 
Tbe sponges apparently represent a class lower than, but possibly equivalent, 
Fystemnlii'aliy. to the polypca and jelly-fiahes. 

J^ofeitor JIiLrlfi/'» Claeti/lcation of Iha Animal Kinffdom.— la a paper whicii 
he read before the Linncan Society in December last, and which was for n 
time withdrawn, ao that we had not the opportunity of laying its result 
before our readers in the last number. Professor Iluxley makea tbe follow.- 
ing remarks;^" Animals are primarily divisible into those in which the 
body is not dlRerentiated into hiatogenetic cells (Protozoa), and those in 
which the body becomes differentiated into such cells (Metazoa of 
Mteckel). I. The Protozoa are again divisible into two groups: 1, tha 
Monera (Jlipckel), in which tbe body contains no nucleus; and 3, the 
Kndoplasticn, in which the body contaans one or more nuclei. Among these 
the Infusoria, Ciliatn, and Flagellatu (e.if. Niictihica), while not forsaking 
the general type of the single cell, attain a considerable complexity ot 
organiantinn, presenting a parallel to what happens among the unicellular 
Fungi and Algte (e.g. Mucor, Voucheria, Caulerpa). II. The Metaion are 
distinguishable, in tbe first place, into those which develop an alimentary 
cavity — a process which is accompanied by tbe dilTerentiation of tbe body- 
wall into, at fewest, two layers, an epiblast and a hypoblast {Gaitraie of I 
llreekel), and those in which no alimentary cavity is ever formed. Anionff I 
the Oastr.'eie there are some in which tbe gastrula, or primitive sac with I 
a double wall open at one end, retabs this primitive opening throughout I 
life as tbe e-.'cstive aperture ; numerous in^estive apertures being developed'! 
in the lateral wnlls ot the gastrula— whence these may be termed Polyatcn I 
maJa. This group comprehfoda the Sjiongida or Porifera. All other I 
GnstncK are Monostomata, that is to fay the gnslrula develops but onft | 
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ibi Sotiina nd Ovpfcjno. In •!! tb« oA«l 
ofeaiii; of tlw gaotnla, «kal»Mr ila fati^ ioe* aot ksOMr tW mmtt 
biit tlw iMbtr it pcodneed br * miMuiwj patfmciaB of de bo^ «riL I 
tbew UcittenatocBaU tbcre ia k pcrinMual tsTUy ilwtiurt Aw At d 
M«Bb07 canal, bnt thi* pemkceni cantj ia pr oJ Mt d in ■*■*— ^ Wf 
[Tin paper ia of mack greater leng^ bnt wa iMTvnot tetfcvifaetiirib 
anl to nalce an aliatraec wooU be imponUe, tt> ocMJ aa a td ■■ ito iQk] 

JVo/Kw (a .VerrA-jlmrKan Zaclaf^U.—lt aeeaa ikat t&e jovnd lM 
- Pjucbe," pablkhcd by lli« Cambridge (TTAA. ►Eata «M*>gkri CU^Ili 
nwt wttb fudi a bvonraUi: reception on all ndea,dat its eoolmiBnea bit 
praamt form is aaMi»d,but it i« (boiid impnanUe wilbin U>eSirib<(fM 
pugaa etch inonlb to laiDg up io dste tbe ■B4MiiyiTjrt», af Rrrmd <f lUk 
.inmncan Mnlomolo^, indi^peiiaiible to every eBtomotn^ut. T^ ■ 
•ir tbe Club have Hurefore doubled tbo Dumben for it»9Kj ud PfkHTi 
imd have decided to make tbia enlargeineDt pemaaent, if suflUeat «9ft 
iroa gtiannlMd before Maicli 1, Xfilb. To accompliah tbia, at )ea««i^. 
new aubaeribcri are needed. " Psjcbe " will coataan ancb pmta (f Ik* 
prDceadings ctf tlie Cambridge Eoioraological Clnb aa n 
tnwat, contribul4ana npon the babits of inaects, lists of captnrec, lal * 
CHCorxI of all nriUn^ u[)On encomolt^ ptibUtlied in Nortb Anene^ial 
of all fonrigo writingi upon Xorth-Amencaii insecla aince tlie I 
of 1874, with a brief note on tbe contents of each. 

The Uii-geii Cuftif-^k ever Cflp(arn(.— Profeeeor A. E. Tenil. in i 
iin the tubject of tecentlj-captured cuttle-fish, anvs : '• Thfl most cooilil* 
opccimen that btia B»er come tinder Bcientilic obaerraticin i 
in November 187^, at Logie Ba;, near St, Joho'd, Newfaandlasi '' 
ii«(-junn catjuigled in herring-nets and wae aecured br ibe fisbermHi w**^ 
Mime dilSciilty, niid only after quite a Btruj^le, during which it« hK*t *■* 
lindly niutiUted nod wTnred from the body, and the eyes, most of tl» 
■■iphon-tube, and the front edge of the mantle, were destroyed. FortoMtilj 
this BpBcimen wna secured by Iho II«t. M. flarrey of St, John's. Altar il 
had been phulogrophed and measured, he Attempted In pi«eerve it si 
in brine, but this whs found to be inefTectaal ; and after decoroposttios hli 
be^n la destroy some of the most perishable parts, he inak it fran lib 
hrino and, dividinir it into several portions, preserred such parts uVO 
ntill undecompojied in strong alcohol. Tbe«e rariou^ portions tire nnw 1 
my poBHession, and with the phot<>grnp1i3 have enabled mu to jiresmt ■ 
riisloration, bolieved tn be quite accurate, of the enUtt! ereatnre, In I*' 
llfpiro the eyeit, earn, (lijihon-tuhe, and bant edge of the mantle have b 
njntori'd from a small wjuid (io/i/^jxii/tiAi), to which this gigantic n 
seomi to hn nearly nlliiM) in many respects. Itse 
'—» in length.— .SVWi'ui (111 'i Aimriran jviinm!, I'eh, 1875, 
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Deolh ef Dr. J. E. Gi-mj, the enuiHrnt yaturalitt.—On Mtacli 7 Dr. Gray 
piutaed iiw«y from ue, in the 74th yenr of hU npa. The " Academy " 
(Mnrch 13) gives Uia followinir aceoimt of his labours:— "John Edwarf 
<3niy, the son of Mr. F. 8. Gray, of Walsall, waa born in 1800, nod 
educated for the medical profession. Al Ihe sge of twenty-one he published 
faiB " Natural Arrangement of British r!ant8,"a work which has the merit of 
being na cnrly attempt to introduce the natural system to the notice of 
]3ritisli bntnnists. Three yonrs later he entered the Nntimtl History De- 
partment of the British Museum, and rose in 1^40 to the rank of Keeper. 
A fine series of catalogues of the oUectiona has been issued under Mb 
«are, many of the departments havinfr been described by himself; thus, only 
n few months ago he brought out his ' Iland-Li^t of Seals, Morses, Sea- 
JAaag, and Sea-Beara.' But in addition to these official publications, and to 
the large number of bis communications to leaned societies nud scientific 
Ferials, he found time to write such works as 'A Manual of British Land and 
Fresh-Water Shells,' ' Dlustrnlions of Indian Zoology,' and ' The Knows- 
Ity Menngfrio.' Yeare of concentration upon the minute sliades of dillerence 
necessary for tbo identificalinn of species scarcely tend to broaden a man's 
views ; but it should not be forgotten that Ur. Gray, in addition to bia 
labours as a systematic xoologlst, exercised himself in tiie discussion of wide 
questions of social importance." 

The Large IJ-amrm Fliikf. ': Dialoma Craemim. — Dr, Spencer Cobbold read 
a paper on this subject before the Linnean Society at its meeting on Feb. 18, 
16TG. After some details, stating iha source from whence he obtained the 
spedmens and the previously recorded history of this parasite, the author 
stated that ho found the vitelligcne glnnds to be largely developed ; and he 
believed that in place of there being two testes, as Uad hitherto been con- 
jectured, there was only one large compound gland, whose seminal ductfl 
are remnrkably largo and conspicuous. The ducts were well seen in the 
diied specimens exhibited to the Society. The hitherto supposed upper 
testis turned out to be the ovary, and tliere was a special and smaller organ 
in front of the ovary, which he regarded as an unusually developed shell- 
glnnd. The intestinal tubes are simple and unbmnched; but, on the other 
band, the uterine organ appeared not to consist of a single continuous tube, 
but to be partly branched, as obtains in T). lanceiilatnm and in some other 
Icis-knovrn fluhes. The remmnder of the communication was taken up witli 
remarks on the affinities of the parasite, and with a brief rl'iumc of the 
hitherto known facta of tremalode development, in so far as tliey tended to 
throw light upon the source of Dulotnn crtumm. From a general review of all 
the data thus obtained. Dr. Cobbold believed that the Disloma craitum had 
been obtwned by tbe consumption, on the part of the sufferer, either of 

kNingpo oysters or of tjsb iusuHiciently cooked. 
Tie Flea grtgitrinutlij Panuittc, — At a meeting of the Entomological 
Sodety, on Feb. 15, Mr. Verrall exhibited some living fleas taken two days 
pKviously from inwde the ears of a rabbit ncnr Ijowes. They were gre- 
gaiious in this situation, and in such a position that the animal was unable 
to dislodge them by scrntebing. He alluded to a cummunicatinn made to 
bim by Mr. M'LBchlan regarding n species from Ceylon which was grc- 
^ ^ariousl; collected in a very limited space on the neck of n fowl, and 
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whirli had been exhibited at a recent meeUDg of the 

They were afHxed to the skin of the fowl bj the proboeda, ao that onlj 

the taiin v/ore viable outwards. 

Jhnhnjolwjy of the Clenophora. — ^The derelopment of oeztjin jeHT-d^he^ 
(Ctenophonc) belonging to the genera Idjia and Plemolnadda has been 
elaborated with (rreat care and beauty of illustration by Mr. A. Agaarii, in a 
intimoir which has been recently published in the United States of America, 
lie pvcH, Hnyn the ^* American Naturalist " for Januazr, a connected acconnt 
of thtfir hist«)ry from the earliest stages in the egg until all the fisatnres of 
the tuliilt appear. While the mode of segmentation of the yolk is extra- 
ordinary, the (;mbryo attains the adult form without anv metamorphosis 
the chun*^cs b(:ing very gradual. Mr. Agassiz*8 obeerratiaca, with the pre- 
ceding ones of MUller, Gegenbaur, KowaleTsky, and Fol, gire us a tolerably 
coniplieto view of the mode of development of this order of jellT-fisfae^. 
Thi'He (jtenophorw on our coast spawn late in the summer and ialL The 
y()iui<i; brood developed in the autumn comes to the surface the following 
Hpriiig nearly full-grown, to lay their eggs late in the summer. The 
iiutuiiiri brood most probably passee the. whole winter in deep water, and. 
it niiiHt take hi\ to eijrlit months for the young to attain their maturitj. 
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TJNBREAKABLE OR TOUGHENED GLASS: A NOVEL 
MODE OF MANUFACTURE. 

Br PERRY F. NURSET, C.E. 
[PLATE CXXn.] 



A CONSIDERABLE degree of well-merited attention has 
of late been directed towards an invention which may be 
joatiy termed remarkable, even in these days of startling dis- 
ooveries, inasmuch as it is one which promises to effect a com- 
plete change in the physical character of glass. This invention 
is the toughening process of M. Franpois Royer de la Baatie, 
by which the natural brittieness of ordinary glass ia exchanged 
for a condition of extreme toughness and duribility. And this 
invention ia perhaps the more remarkable in that it does not 
Binuiat« from one engaged in, or practically conversant with, the 
■nannfim tiire of glass, nor IB the discovery due to one of the 
great lights of science of our day ; neither was it the result of 
a happy momentary inspiration. On the contrary, M. de la 
Bastie is a French private gentleman of fortime, residing in his 
native country, who, however, is given to the study of scientific 
matters. He was educated as an engineer, biit his position and 
means rendered it unnecessary for him to follow the profession 
into which lie had been initiated. He, however, is fond of 
experimenting in matters relating to engineering, and amongst 
other things he, some years since, conceived the idea of render- 
ing glass less susceptible to fracture, either from blows or from 
rapid alternations of heat and cold. The early training of hia 
mind naturally led him to look to mechanical means for the 
accomplishment of this end ; and he, in the first place, set 
himself a purely mechanical problem to aolve. He thought — 
as did Sir Joseph Whitworth with regard to steel — that by 
submitting glass when in a soft or fluid condition to great 
compressive power, he should force its molecules closer together, 
and, by thus rendering the mass more compact, the strength 
and solidity of the material would be greatly increased. This 
was not an unreasonable line of argument, inasmuch as the 
TOL. HT. — MO. LTI. Q 
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fni^itj of glaBs results &om the weakness of the cotiHg^^| 
ite molecules. Success, however, did not follow experimeoil 
and the mechanical problem was laid aside unsolved. 

M. de la Bastie, however, continued to regard the qnestio 
from an engineering point of view, and tmned his attention t 
another method of treatment. A^vare that the tenacity of stet 
was increased, and that a considerable degree of toughness w£ 
imparted to it by dipping it, while hot, into lieuted oil, h 
experimented with glass in a similar manner. The reaulta wei 
sufficiently successful to encourage him to persevere in thi 
direction, and, by degrees, to add other fatty constituents t 
the oil bath. Improved results were the consequence ; and the 
continued to improve until at length, after several years c 
patient research and experiment, De la Bastle succeeded — with : 
bath consisting of a mixture of oils, wax, tallow, resin, aoi 
other similar ingredients — in producing a number of samples q 
glass which were practically unbreakable. As may be supposes 
there were other conditions upon which success dep^idei 
besides the character and proportions of the ingredients eon 
atituting the bath. M. de la Bastie, not being a glass mami 
fectmer, piu'ohased sheets of glass, as well as glass article] 
whicli he heated in a furnace or oven, to a certain temperature 
and transferred to the oleaginous bath, which was .also heatei 
to a given temperature. These questions of relative tempera 
ture, therefore, bad to be worked out : and De la Bastie ha 
further to determine-, very precisely, the conditiou of the gbu 
most favourable for the proper action of the bath upon it 
This he foimd to be that point at which softness or malleabilit 
commences, the molecules being then capable of closing sud 
denly together, thus condensing the material when plungwl inb 
a liquid at a somewhat lower temperature than itself, an< 
enclosing some portion of the constituents of the bath in it 
opened and susceptible pores. Having determined all thea 
conditions, and constructed apparatus, M. de la Bastie wai 
enabled to take ordinary glass articles, and pieces of shee! 
glass, and to toughen them so that they bore an incredibli 
amount of throwing about and hammering without breaking 
Just, however, as De la Bastie had perfected his invention, hi 
lost the clue to success, and for two years he was foiled in ever] 
attempt to regain it. There was the hard fact staring him ii 
the face, that be had succeeded in depriving glass of its brittle 
nesB, as shown by specimens around him ; but there was tlu 
harder fact before him, that he had lost the key of his success 
Nevertheless be laboured on, and at the end of the period abovi 
mentioned he had the satisfaction of finding all his anxieties ai 
an end ; bis toils were requited by the re-discovery of his secret 
He has since worked at it most assiduously, and has nov 



TmBttBAKABLB OR TODGHENSD QLAS9. 



brought it into practical working order, rendering the prooeai. 
aa certain of success as any in use in the arts and maanfactuieit 
in tlie present day. 

As already observed, M. de la Bastie is not a glass manufa<^ 
tiirer ; he therefore had to re-heat glass articles when toughen- 
ing them. It, however, by no means follows that the toughening 
process cannot be applied in the course of manufacture, thus 
avoiding re-heating. On the contrary, it not only can be, but 
has been, applied at glass-works to glass just made, and so 
saves the costly and time-absorbing process of annealing. But, 
for reasous stated, M. de la Bastie had to apply the process to 
the manufactured article, and the method adopted, and the 
apparatus used in its application, nest merit attention. In the 
first place, the glass to be toughened hail to be raised to a very 
high temperature — the higher the temperature the better — the 
risk of breaking the glass being thereby reduced, and the 
shrinkage or condensation being increased. It was therefore 
advantageous, and often necessary, to heat the glass to the 
point of softening ; but in that condition glass articles readily 
lost their shape, and had to be plunged into the bath almost 
without being touched. Then come another difficulty — that of 
preventing an already highly heated combustible liquid taking 
fire upon the entrance of the still more highly heated glass. 
The latter difficulty was met by placing the tempering bath in 
direct communication with the heating oven, and enclosing it 
so as to prevent access of air ; and the former by allowing the 
heat^^d glass articles to descend quickly, by gravitation, from the 
oven to the bath. 

The apparatus used by M. de la, Bastie is shown in the accom- 
panying Plate CXXir., in which fig. 1 is a front view, fig. 2 a 
vertical section, and fig. 3 a sectional plan of the oven and bath. 
The working oven, a, is heated by a furnace, b. The bottom of 
the oven, c, and the slope to the bath, are made in one piece of 
rofractoiy material, and are very smooth on the surface. At 
the aide of the oven is a preparatory oven, d, communicating 
by a passage, e, in the separating wall. In this oven the glass 
is partially heated before being placed in the main oven, a. 
The products of combustion are carried away in the direction of 
the arrows through the chimney. When the oven, a, is sufiiciently 
heated, the ash-pit and fire-doors,//, arc closed, and rendered 
air-tight by luting, and the fire is maintained by small pieces 
of fuel introduced by a hole, g, in the fire-door. Tlie draught 
is then stopped by lowering the chimney cap, h, or closing the 
damper. The vertical damper, i, is then raised, so that the 
flame passes by the flue, j, to a second chimney, k, fig. 3, passing 
thus along the slope and heating it, and also opening communi- 
cation from the oven, a, to the bath, I, which is filled with the 
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oleaginous corDpound. It id covered from the ert«miil 
a lul, and nitfain it is a basket of fine wire gaoze, tn,hQngf 
hrackets. A lube, n, contains a thermometer, o. to indicatt 
tile temperature ; and by this tube tbe contents of the bath maj 
be added to, or any excess may overflow by the dlivhar^e-pipe^ 
p. A pliifl, (I, on the cover may be removed to observe the in- 
terior, without entirely imcovering the bath. A firc^tmck, 
charged with live fuel, beats the bath to the desired t^mperataia 
The glass is introduced into tlie preparatory oi-en by an opening 
a, in the outer wall, and thence it is moved through the open-< 
ing, e, on to the floor of the oven, a. The workman who watch< 
the glass through the spy-hole, /, when he finds it at the propel 
heat, pushes it by an iron rod to the slope, c, whence it slide) 
into the bath and is received on the l>asket, m. When th( 
glaes has cooled to the temperature of the batb, the Ud ia re- 
moved, and the basket, Tn, is raised out of the bath with the 
tempered gla£s. 

In tempering sheet glass the arrangements of both oven and 
bath are slightly modified. In place of the sloping exit fat 
articles from the oven to the bath, M. do la Bastie has a nx^king 
table, which is hinged underneath to the mouth of the oven, 
and which also forms the floor of the oven. When the gla^ has 
been sufficiently heated, the workman, by means of a lever, tilU 
the table, and the glass slides gently down an easy incline on 
to a table set at a corresponding incline in tbe bath. If it * 
not of importance that the transparency of tlie glass should b« 
preserved, no special precautions are taken to prevent the dust 
fitim the furnace settling on its face. A^^lere, however, clear- 
ness is required, the glass is heated in a muffle, perfect trans 
parency being obtained. The process of tempering or toughening 
exclusive of the time required for heating the glass, occnpii 
but a minute or bo, the glass being immersed in the bath on 
at once withdraivn and set aside to cool. The cost per article 
as may be supposed, is merely nominal. 

Glass which has been treated in this manner undergoes i 
physical transformation as complete as it is remarkable. Itj 
appearance is in no way altered, either as regards transparencj 
or colour — if coloured glass be so treated — and its ring or sounC 
is not in any way afi'ected. It has, however, exchanged iti 
distinguishing characteristic of extreme brittleness for a degre< 
nf toughness and elasticity which enables it to bear the impacl 
of heavy falling weights and smart blows without the least in- 
jury. A great number of experiments have been made, tb 
results of which fully corroborate this fact. From these it wil 
suflice to select a few by way of illustTalion. Watch-glaflsca 
wliich perfectly retain their transparency, have resisted every 
Attempt to break them by crushing between the fingera, or b) 
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throwiog tliem about iDdiscrimioat^ly on the Irare floor. Gla^ 
plates, dishes, coloured lant^m-glasses, and the lifee, have l>eeQ 
eiuularly thrown about by the handfiJ, stood upon, and other- 
wise maltreated, but without the slightest iojury accnung to 
them, except per)iaps when a solitary specimoo whicli had been 
imperfectly tempered got in with the rest. Experiments have 
also been carried out to ascertain the comparative strength of 
toughened and untoughened glass when submitted to bending 
stress. Here a number of pieces of glass, each measuring fi 
iDches in length by 5 inches in breadth, and banng a thickuess 
of about ^ of an inch, were tried. Each sample in its turn waa 
supported at the ends, and a stirrup-piece was hung upon the 
centre of the glass, a weight rod banging vertically from the 
underside of the stirrup. With this arrangement applied to a 
piece of ordinary ^lass, the weight rod was gradually loaded until 
a weight of 27D lbs. was reached, when the glass broke. A 
piece of toughened glass of similar dimensions, similarly treated, 
did not give way until a strain of 1,348 lbs. had been reached, 
and before it yielded a considerable deflection was produced in 
it, showing its elasticity. Had its strength been due to rijjidity 
or inflexibility alone, it would not have assumed a curve before 
yielding to the pressure brought upon it. 

Satisfactory as the above results may appear at the first glance, 
they will he seen upon reflection most inadequately to represent 
the relative strength of toughened and imtoughened glass. It 
will be observed that the teat applied was that of long-sustained 
and gradually-incf easing pressiire, which could rarely occur to 
glass articles in everyday use. Glass is subject to sudden, 
sharp blows, either from articles falling down on other sub- 
stances or from extraneous bodies falling upon or being brought 
into contact with them. Hence it is clear that to obtain a true 
estimate of the new process glass must be subjected to testa 
which iairly represent the conditions of the accidents to which it 
is ordinarily exposed. This estimate has been arrived at repeat- 
«dly by placing pieces of plate glass in a frame and allowing 
weights to fall on them from given heights. One experiment 
from a number — and which was made publicly — will illustrate 
this teat. A piece of ordinary glass 6 inches long by 5 inches wide 
and j inch thick was placed in a small Irame which supported 
the glass around its edges, and kept its underside about ^ an iuch 
from the floor. A 4-oz. weight was dropped on it from a height of 
1 foot, and the glass was broken. A piece of toughened glass of 
corresponding dimensions was then placed in the frame and tlio 
same weight dropped on it several times from a height of 10 feet, 
but without fracturing the glass. An 8-oz. weight was then sub- 
stituted, and repeatedly dropped upon the glass from the same 
height as before, and with the same result, no impression what- 
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ever being made upon it. The 8-oE. weiglit was then tlJMH 
violently upon it several times, but without damaging it. Iti 
destruction, however, was finally accomplisbed by means of i 
hammer. Perhaps the most crucial test to which toughenec 
glass could be put would be to let it &11 on iron. This has beea 
done, and in public too. A thin glass plate was dropped &om a 
height of 4 feet on to an iron grating, ttom which it rebounded 
about 1 foot, sustaining no injury whatever. 

As singular as any other feature presented by toughened glasfl 
are the results of its destruction. Ordinary glass, upon beini 
fractured, gives long needle-shaped and angular fragments. No! 
BO toughened glass, which is instantaneously resolved into mer« 
atoms. The whole mass is at once disintegrated into innumer- 
able pieces, ranging in size from a pin's point to an eighth of 
inch in diameter. It sometimes occurs that pieces measurinj; 
half an inch or an inch across may remain whole, but thess 
pieces are traversed in all directions by a network of fine lino) 
of fracture, and with the fingers are easily reduced to fragments, 
Microscopical examination shows the fragments of tougbeneti 
glass — large and small — to follow the same law as regards tlw 
form and character of the crystals, and on some of the largei 
crystals being broken up they have been found to separate into 
smaller ones of the same character. The edges of these frag" 
ments, too, are more or leas smooth instead of being jagged atid 
serrated as are those of fragments of ordinary glass. Hence i 
diminished tendency in the former to cause incised 6eeb woundi 
when handled. 

When glass has been imperfectly treated, as baa sometimi 
happened in M. de la Bastic's experiments, it will not stand tl 
same amount of rough usage as will perfectly toughened spec 
mens. The fact of the tougheuing process having been incont 
plete is made manifest upon the destruction of a sample in threi 
diflferent ways chiefly, independently of its yielding at an earlj 
stage either to blows or prcssiu-e-, it will show upon destiuctioi 
either needle fractures approaching in appearance those of ordi- 
nary glass, or pieces varying from the b'ux- of a sixpence to tha 
of a half-crown will remain imbroken and untraversed by line* 
of fracture. Again, the mass may be wholly fractured, but oi 
looking at the fragments edgewise a narrow milky streak will b( 
apparent midway between the upper and under sides of thi 
glass, indicating that the influence of the hath has not extende< 
through tlie glass. Where the process has been perfectly applied 
no aucli phenomena are exhibited, the crystals being of tmifoi 
transparency throughout the whole mass. 

Such, then, is De la Bastie's toughened glass, which _ 
'enormous cohesive power, and offers great resistuioe to 
xe of impact. There is, however, one peculiarity wbitdi, 
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the present, tells againEt it in a slight degree — it cannot be cut 
thtoogh nith a diamond. Scratched ita surface can be, but 
there the action of the diamond ceases. This drawback only 
applies in the case of window glass in odd-sized frames; 
for the practice of the present day, with builders, ia to make 
window-sashes of certain fised dimensions, and glass manu- 
facturers work to these dimensions. It is not at all improbable, 
however, that ere long a means will be devised for cutting 
toughened glass to any size or shape ; experiments are, in fact, 
DOW being conducted with this view, and so far as they have 
gone they give promise of success. But if toughened glass 
cannot be cut by the diamond, it can be readily cut and 
polished by the wheel, as for lustres and the like, so that wine- 
glasses and articles of cut glass-ware can he toughened directly 
they are made, and cut and polished subsequently. 

Superficial observers have affected to detect in the toughen- 
ing process a similar condition of matter to that which obtains 
in Prince Rupert's drops. The error of such a conclusion, how- 
ever, becomes evident upon a little consideration. Prince 
Rupert's drops are made by allowing melted glass to fall into 
cold water ; the result of which is a small pear-shaped drop, 
which will stand smart blows upon the thick end without injury ; 
but the moment the thin end, or tail, is broken, the drop flies 
into fragments. Now, glass and water, and — as far as present 
knowledge goes — no other substances besides, expand while 
pitssing trom the fluid into the solid condition. The theory of 
the Rupert drops is, that the glass being cooled suddenly, by 
being dropped into cold water, expansion is checked by reason 
of a hard skin being formed on the outer surface. This exterior 
coating prevents the interior atoms from expanding and arrang- 
ing themselves in such a way as to give the glass a fibrous 
nature, as they would if the glass was allowed to cool very 
gradually. An examination of the Rupert's drop shows the 
inner substance to he fissured and divided into a niunber of 
small particles. They exist, in fact, in a state of compression, 
with but little mutual cohesion, and are only held together by 
the external skin. So long 'as the skin remains intact the 
tendency of the inner particles to expand and fill their proper 
space is checked and resisted by the superior compressive strain 
of the skin. Nor is the balance of the opposing forces dis- 
turbed by blows on the thick end of the drop, which vibrates as 
a whole, the vibrations not being transmitted from the exterior 
to the interior. But by breaking off the tail of the drop a 
vibratory movement is communicated along the crystalline siir- 
bce, admitting of internal expansion, by which the cohesion 
|f the particles composing the external skin is overcome, and 
3ie glass is at once reduced to fragments. As the skin] of 
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toughened glass can be cut through with the diamond, and as, 
moreover its euiface can be removed hy polishing and cutting 
with the wheel, without injury to tbe mass, it is evident that it 
must exist under conditions very dissimilar from those of a 
Rupert's drop. Moreover, melted glass, on being dropped into 
Se la Bastie's bath, gives a similar shaped body, from which the 
tail can be broken off, piece by piece, without injury to ^he 
body, which can be Bcratched, knocked and tlirown about, with- 
out exhibitiug any signs of deterioration. Bearing upon this 
point, too, comes the fact that toughened glass can be elegantly 
engraved, either by Tilghman's sand-blast process, or by means 
of hydrofluoric acid, in the ordinary way, the surfece or outer 
skin being thus removed. 

M. de la Bastie's invention marks a distinct era in the hietoiy 
of one of our most important industries. Never during the 
history of glass manufacture, which extends over some 3,500 
years, has any radical change been effected in its character. 
The glass-blowers of Egypt, who practised their art before the 
esoduB of the children of Israel, and representatious of whom 
Lave been found on monuments as ancient as that event, pro- 
duced a similar glass to that of our own times. This haa been 
proved by an examination of glass ornaments which have been 
discovered in tombs as ancient as the days of Jloses. It hoi 
been proved, too, by a large bead of glass, found at Thebes, 
upon which was inscribed the name of a monarch who lived 
1,500 years D.c, and which glass was of the same specific 
gravity as our own crown glass. It is true Pliny mentions that 
a combination was devised in the reign of Tiberius, which pro- 
duced a flexible glass ; but both tlio inventor and apparatus 
were destroyed, in order, it is said, to prevent the value of cop- 
per, silver, and gold from becoming depreciated. There is, how- 
ever, no evidence whatever that this was the toughening process 
of De la Bastie, nor does the record in any way detract from 
the merits of that gentleman as the inventor of an important 
economic process. The fact remains that the world has now 
given to it for the first time, in a practical form, au invention 
by which the brittleness of glass is superseded by an attribute 
of the most valuable nature— toughness. It is by no means 
improbable that the old adage, " as brittle as glass," will soon 
be superseded by a new one — " as tough as glass." 

What may be the ultimate result of the introduction of this 
invention in practice it is difficidt to foresee, so widespread, so 
universal does its application seem. Not only is it desirable to 
render durable such articles as are at present made from glass, 
but to satisfy a want long felt in every department of art, science, 
and manufacture, of such a material as toughened glass ; and 
want can now be satisfled. So numerous are the oppot- 
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tonities which preeent for its application, and so well adapted 
does it appear to be where cleanliness, transparency, resiBtimce 
to heat and chemical action, and comparative indestructibility 
are desiderata, that it would be idle to attempt to categorise 
them. 

The invention is being taken up practically on the Continent, 
and no less in England. Messrs. PoweU, of Wbitefriars, are in- 
troducing it in their glass works, and two other firms in the 
north of England are doing the same. It is by no means im- 
probable that its first introduction in practice in this country 
will be at the aquarium now in course of erection at W'est- 
min&ter, where it is intended to use it for the tanks. 

There still remain some questions to be answered with regard 
to the phenomena exhibited by toughened glass ; questions, 
however, which in no way affect the practical value of the 
tnate.ial. Its peculiarities continue to form the subject of in- 
vestigation, anti as soon as any conclusions of value to science 
have been arrived at, they will be made known, so that the 
physical aspect of toughened glass may again be reverted to in 
these pages. In tlie meantime it may be mentioned, for the 
benefit of those who are prompted by something more than 
mere idle curiosity to look a little deeper into the matter, that 
specimens of toughened glass may be seen at tlie offices of 
Messrs. Abel Rey and Brothers, 29 Mincing Lane, City, those 
gentlemen being the agents of M. de la Bastie. It only remains 
to observe that the remarkable character and unique nature of 
M. de la Bastie'a invention are such as to render it probable 

,t he will not only materially benefit those of his oivn time, ._ 
will bequeath to posterity an invaluable legacy, J 
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THE ICE AGE.— CLIMATE AND TIME. 
By KOBEllT HUNT, FUS. 



IT ie exceediDgly difficult for the untrained observer (j) 
realise the fact, that there was a period, extoiding over 
long centuries of time, diiriug which the moimtaius of tbe 
British Islea were covered with perpetual snow, and the valleys 
deeply filled with fields of ice ; — when the temperate sea, wbiclt 
now, with its warm water, laves our shores, was a frozen massi 
until far west, and south of Ireland, it broke up into icebergs 
which, floating away into the Atlantic Ocean carried tbe arctii! 
climate yet further southward. Yet the investigationa of the 
geologist have elucidated no more satiefactory truth than tiof. 
That there was a period in the history of the Earth's uiutatiou 
when an ice-aheet was spread over all northern continental 
Europe, formiug an immense glacier in the Baltic, which 
flowed — as glaciers flow — into the Korth Sea, and fuimd its 
outlet to the Atlantic by the English Channel j — when tli9 
mountain ranges of Scotland were buried in a frozen mass;— 
when all northern England and Wales was swept by Scandi- 
navian ice ; and, when even the Goutbem and south-western 
counties were within the influences of a constant temperatuio 
below that of frozen water. This was the period which it 
generally distinguished as the Glacial Epoch, but which ft 
recent \vriter" has, with much terseness, tcnued the Great let 
Age. At what period of time did this arctic climate prevail? 
Evidence has lately been afforded, especially by tbe esamiua- 
tion of tlie caves at Settle, that man existed during, or perhn] 
previous to this glacial age. In the history of man this timn 
to use Professor Kamsay's words, " though lost in the far back" 
ward abysm of time," yet in a geological sense so little pre 
ceded our own day, that the larger contours of hill and vaJlc] 
as they yet stand, were already in existence, and protiably al 
the forms of mollusca now living even then iuliabit^x) tlii 
northern seas.| 

■a of Swilierlimi! wiii Norlli WdJw.' 
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It is essential to the understanding of the theory deal- 
ing with those vast climatic changes, which the science of 
^;eology teaches us to believe it has discovered, by its inductive 
process of examining the organic remains preserved in, and the 
('hjsical phenomena engraved on, our rocks, that the evidences 
Collected should be succinctly given. 

The evidences of predominance of a high temperature over 
a defined period, or within a well marked region, will be found 
preserved in the character of the flora and the fauna, which 
Existed when the struta, in which their forms are fossilised, was 
in the progress of consolidation. As tropical life now differs 
fiom that which exists within the arctic circle, so through all 
time similar differences in organisation have been produced by 
the influences of a high temperatiu-e or a low one. We dismiss 
from consideration in this paper any influence which may be 
supposed to be due to purely terrestrial heat ; the agencies 
"with which we have to deal being sufficiently powerful to o\'er- 
come, and, as it were, to mask the effects due, if any, to 
subterranean temperature. The palEcontological evidences are 
numerous and decisive upon the question of the alternations of 
climate which have taken place in those long lapses of time, 
during which the surface of our planet has been slowly under- 
going those changes, which have produced that succession of 
stratified rocks, which is the great stone book of Nature, bear- 
ing engraved in forcible language, the history of her grand 
mutations. With those we have only incidentally to deal until 
we arrive at the Post-tertiary period, when we glean, from the 
evidences of some great mechanical force which has left its 
markings, a knowledge of the fact that there ensued a period 
of great cold, which covered Northern Europe and our own 
isl&Dds with nmsses of moving ice. 

It should be remembered that there can be no doubt but 
that several long epochs of great cold existed before that period, 
which is more especially to engage our attention. The fossil 
remains from which the geologist forms his estimate of the 
character of a climate during any geological period, aro 
abundant during the epochs which may be distinguished as 
warm or tropical ; but as a general rule those formations which 
geologists are inclined to believe indicate a cold condition of 
climate, are nearly devoid of fossil remains. The secular changes 
of climate which will be more especially noticed as occurring 
during, and since, the Great Ice Age, were the result of certain 
physical causes, recurring in obedience to fiied laws, which 
must have taken place during those vast periods of time which 
are lost in the infinite past. 

Let us DOW examine — though the examination must neces- 
sarily be brief — some of the phenomena presented by existing 
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glaciers, and then see if similar iudicatinns preserved upon t)i( 
rocks of the Tertiaiy period, do uot lead Lu tlie conclusion tltal 
they are the result of likfc causes The snowd which fall upon 
the mountains of Switzerland are pressed into masses of icci 
and these, necessarily in obedience to the force of graTitatton, 
have a tendency to move down their sloping sides. 

For a considerable period a discussion waa carried on, not 
always in the true philoaophicul gpiiit, as to the physical stat« 
of the frozen mass of the moving glacier. One hypothesis 
regarding ice as a plastic material, moving by virtue of tliat 
plasticity, as pitch moves — the other supposing the ice to be 
melted by the enormous pressure to which it is subjected; but 
immediately recongealing, or as it is expressed, regelating into 
a homogeneous solid, and thus maintaining its onward motion. 
We need not here examine the delicate differences between 
those two views. Since we now know that solid iron, c(dd, may 
be pressed by a sufBcient exercise of meclianical force throi:^ 
small orifices — flowing indeed aa a fluid flows — there surely 
can be no difficulty in conceiving how "the glacier's cold 
resistless mass " may be forced onward, day by day, by the enor- 
mous mechanical power which ia over pressing it in the rear. 
The writings of Agassiz, and of Professor James Forbes, have 
rendered familiar the fact that the moving glacier, by its enor* 
mous preesui'e, rounds off the asperities of the rocks, and covers 
their surfaces with atriations. By a steady grinding process sll^ 
the original angles are worn off, and the wliole assiunes a 
mammilated appearance ; the surfaces being polished, grooved 
and striated by the imprisoned stones and finer debris that lie 
between the solid mass, of the slowly progressing ice, and the 
rocky floor over which it passes. This moving frozen river of 
ice carries with it every thing that falls upon it, from tiie 
smaller debris, to the huge blocks of rock, which have been 
broken out of the mountains — rockea nu>xUonni68 and Hoot 
perches — and these are transported by it, to be left even tualtj, 
aa the ice melts by advancing to a warmer region, to mark tlio 
course taken by the glacier. Such are the results of the known 
movements of glacial ice. When those frozen masses advanc4 
into the sea— aa they do on the coasts of Greenland — they are 
gradually broken up into icebergs, which float far away towaida 
the south, eventually melting under the influence of warms) 
waters, and dropping on the sea bottoms any bouldexs, oi 
smaller masses of rock, which they may have home from th( 
land upon which they originated. 

These fi'agments of the disintegrated rncks are left as unmi» 
takable indications of the channels along which the glaciei 
moved, or of tbe regions over which the gliding ice of the land 
or the floating iceberg of the sea, bore its weighty spoil. Tbi 
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is proved most conclusively by the effects whicb are •eeo to 
result from the fluctuations in the dimensioiH of existing gilacien. 
Profes»)r Ramsav* informs us that, mace the Tear 1767, the 
glacier of La Hrenva rose 300 feet above its prrantt lereL, and 
again declined, and the terminal moraines of the lOMme glacier 
arranged concentrically, one within another, hear witness to ita 
recent gradual diminutions. The great Gomer glacier of Monte 
Rosa is even now steadily ad\'aneii^, and is said, nthin the 
memory of men not old, to have already ewallowed ap forty 
chalets and a considerable tiact of meadow land. He cootinnes 
to remark, that such historical i-ariationa in the magnitude of 
glacieis are trifiing, compared with their wooderfoi extensions 
in prehistoric times. In the Alps we find ntunerons instances 
of the former presence of glaciera where none now exist. " So 
startling indeed are these revelattoos, that for a time the obeerrer 
scarcely dares to admit to himself the justness of his oonclustons, 
when he finds in striations, moraines, rochea moutonnffs and 
hloc» perches, unequivocal marks of the former ertensioii of an 
existing glacier, more than a long day's march beyond tt« present 
termination ; and further, that its actual snr&oe of to-dsy is 
even 2,000 feet and more beneath its ancient leveL* 

The careful student of these striking indications will, as be 
ascendf the mountain slope^ observe rounded slopes and striated 
contours to considerable heights above him, plainly marking 
the breadth and height of the glacier at early periods of its 
history, and in the uppermost regions the serrated and weather- 
worn crags that form the lips of the valleys, now almost bare 
of snow, still define the upward limits where the solid flowing 
ice in old times ceased to grind the rocks. Beyond this wo 
know that all glaciers deepen their beda by erosion. The 
enormous weight of the mass of ice moving with irresistibhs 
power must tend to grind the sorface npon which it moves, and 
thus cut ont channels, and even scoop out lakes from its l>ed. 
Indeed, the general origin of lakes has been referred by Professor 
Ramsay to glacial action, and bis hypothesis is supported by 
evidences which appear to be almost conclusive. 

The evidences marked upon the rocks of the globe are the 
only records which remain of the influences to which they have 
been subjected in past ages ; and, it is only by a proper under- 
standing of the events embodied in these " sermons in stones " 
that the geologist can hope to give any real value to hia 
deductions. It has been well said by Mr. Croll, in hia re- 
markable book " Climate and Time " : — 

" Xo amount of description, arrangement and ckasification, 
however perfect or accurate, of the facts which come under the 

• "The Old Glftdera of Switzerland mid North WsIm." 
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eye of the geologist can ever constitute a 8ci<^nce of geologj 
any more than a description and classification of the effects < 
beat could constitute a science of heat. . . . The principles ol 
heat are the laws of heat, the principles of electricity are the lawi 
of electricity, and these laws are nothing niore nor less that 
the ways according to which these agents produce their effects. 
The principles of geology are therefore the laws of geology j 
but the laws of geology must be simply the laws of the geo- 
logical agents ; or, in other words, the methods by which tfiey 
produce their effecte. . . . The facts of geology are as essential 
to the establishment of the principles as the facts of heat, light, 
and electricity, are essential to the establishment of the prin- 
ciples of those sciences." 

Remembering this, let us advance to a careful examination 
of the phenomena which have been observed by the trained 
geologist, and which may be noted by everyone, leading the 
thinking mind to the conclusion that our globe has undergooe 
changes of climate of the^most extraordinary character, con- 
vincing uB that at one time not only an arctic climate prevailed 
in our island, but that the greater part of the now tempente 
regions was buried imder ice. 

Passing through many of the valleys of North Wales, ai 
especially through that of Llanlieris, we cannot but obsem 
that the rocks are round and mammilated, that their smoothed 
surfaces are often grooved, the striations in this particular ii 
stance running north-west, in the direction of the valley, and of 
the length of the lake. Proceeding up tlie pass of Llanbeiis, 
erratic boulders, mingled with smaller moraine matter, aresf 
lying on the road side and up among the rocks, which are 
clearly distinguished from the more modern blocks, and thf 
talus that lie below the weathered cliffs. On both sides of the 
valley the rocks strewn into blocks frequently present tlia 
Tnontoivnie (rounded) form. The author already quoted" thtH 
describes one section of this wild and instructive scene : — " New 
Pont-y-gromlech bosses of felspathic porphyry rise like little 
hills in the middle of the valley, something like miniatores of 
that behind the Grimsel. Though their sides have been scarred 
by winters' frost and tlieir summits roughened by the weathett 
they still retain the mammillated form impressed on them of old 
by the grinding ice; and while the tourist, who sees sometbing in 
scenery beyond mere external form, is often puzzled to account 
for the numerous blocks that, perched on precarious point*, 
seem as if tbey ought to have taken a final bound into tlie 
lowest valley, the well-pleased eye of the geologist versed itt 
ice at once detects that they were let gently down where thoy 

* liiimaa)', '■ The Old Gkciers of SwiUeriand luid Nortli Wales," 
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lie by the melting of tlie dimiiushiiifj glacier." Again to quote,— 
the following description by the same eminent geologist is very 
concluaive : — 

" Above the bridge on the Snowdon side of the valley a 
great dark wall of roek rises abruptly from the broken lower 
dopes about a quarter of a mile from the road. From the 
bottom of the pass it looks almost inaccessible, but half-way up 
there is a rough terrace, at the foot of a G-reenstone dyke that 
fornix in part, the face of the cliff. The slope of the precipice 
u about 68' towards the pass, and in one place especially the 
wall of rock is polished and striated in at least six principal 
grooves, which slope down the valley (not down the hill) at an 
uigle of 12°. Some of them are deeply graven from, two to 
two and a half feM, wide, and twelve or eighteen inches deep^ 
and they run so evenly ^ong an almost vertical wall of rock 
that the idea is at once suggested that they were formed by the 
long-continued pressure of a glacier so large that it. filled the 
valley to a far greater elevation than the grooves, and by reason 
of the huge overlying mass of ice, a middle stratum, as it were, 
of the glacier was jammed against its bounding walls, so power- 
fully, that by the help of the grinding of imprisoned stones, in 
time it graved the strong furrows atill ho perfect. To the very 
top of the pass, the same kind of evidence, both of moraine 
debris and striation, continue unabated, especially on the higher 
slopes on the north-eastern side of the valley, where above the 
modem shingle and broken cliffs that overlook the brook, 
numerous roches tnoutonjieee remain still hardly unweathered, 
and here and there are dotted blocs perckSs." From numerous 
evidences similar to these, so well described, it appears certain 
that the ice in this valley must have been in the glacial period 
at least 500 feet thick, and probably much thicker. 

Immediately below the peak of Snowdon scratched frag- 
ments are found, and moranic mounds, which in general cha- 
racter are undistinguishable from those which occur in Switzer- 
land. From a most careful study of the whole of this district. 
Professor Ramsay arrives at the conclusion, that Snowdon formed 
the centre of six glaciers which flowed from the direction of the 
peak down the surrounding valleys. 

Similar examples to those which have been so succinctly 
described, are found in abundance amongst the moimtaina and 
valleys of Scotland, and spread over England, are indications of 
the existence of similar influences. On the Cotteswold Hills 
Dr. Buckland found pebbles of hard red chalk, wliich miist 
have come from the wotda of Yorkshire and Lincolnshire, and 
slaty and porphyritic pebbles derived, in all probability, from 
Chamwood Forest, near Leicester. Nearly all the drift found 
around Cheltenham has been carried thither from the debris of 
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the rocks of the Midland Counties. In the vale of Moretnn 
Professor Hull found erratic boiilders from two to three feet 
in diameter, and the granite boulders of Sbap Fell are fonnd 
transported to great distances. The evidences of glaciatiaa 
in West Somerset exist in the form of " rounded rocky knolls," 
and beds of gravel and clay, regarded as "boulder-clay,"* 
similar to that which ia found under the recent glaciers of 
Switzerland. Near the Dodman, in Cornwall, Mr. C. V' 
Peach found, at an elevation of 60 feet above the sea letel, 
the rock surface well " striated and ice polished." Chalk flistt 
are foimd in abundance upon Haldon, near Exeter ; they ue 
scattered over the wilds of Dartmoor, and not only are they to 
be found aromid the Land's End, but they are spread, — sparself 
it ia true, — over the Isles of Scilly, and they have beea di*- 
covered imbedded in the mineral lodes of the mined west of 
Penzance. 

! stria) and ice-groovings found on the rocks of theie 
—to which we have directed attention — perfectly re- 
semble the 6utings and striie produced in the Alps by tie 
present movements of glaciers, that neither M, Agassiz, ortho* 
geologists who have followed hira in this path of observation, 
could detect a difference. The transportation of rock manM 
to considerable distances could only have been effected by the 
movements of fields of land-ice, by the floating power of ice- 
bergs. The conditions under which the " boulder-clavH " «» 
found, and the marked peculiarities of the " glacial drift, 
sufficiently show that they were produced in this country jn 
Tertiary times, as they are, in our own times, in Switzerland* 
The conclusion to be drawn from these fects is that 
covering must at some period have been spread over thewbolSi 
or very nearly the whole, of the British Isles. This ice-coveriD| 
appears to have extended indeed over the whole nf north' 
western Europe, and to have moved by the way of the North 
Sea over Scotland, and gradually over Wales and England- 

A word on this movement is necessary. An ordinary glaat 
descends in virtue of the slope of Us lied, and it is thin i 
its commencement and thickens as it descends into the lowi 
valleys, where the slope is less and the resistance to 
greater. The condition of ice formed on level or nearly lei 
land — continent ial-ice — is different; the slope of the ground ex 
ercises little or no influence on the motion of such ice. The id 

* The glacial drift of Caithness is particularly intcroating ns nu exain^ 
of n hmtlder clatj, whicli, in its mode of oecuinalation, and ict-uralektd rf^W 
Torj mnch resembles that imstratiBcd stonj mud which ocean iuhIi 
glAciers — the moraine profonde, as some call it,— Jamieson, " Qnut Joun 
G«ol. Soc," vol. xziL p. 261. 



^n move upon such a surface only in consequence of pressure I 
^HSng from the interior; that is, the ice sheet must thicken froca 
^B edge inwards and then flow upon itself. Air. CroU ostimatee 
^Hfc a elope of one degree, continued for 1,400 miles, will give 
^Bxniles as the thickness of ice at the pole. No such thickness 
^Htbis exists, but it is known to be very considerable. Such 
^Bd-ice moves slowly, but it exerts enormous pressure. A 
^HlBier of 1,000 feet in thickness has a pressure upon its bed 
^■tal to about 25 tons on every square foot ; consequently, as it 
Hpends itself, it carries with it idi that it gathers in its course 
^tlhe results of its own irresistible power. The inference to be 
^■kwa &om all the facts referred to, is that there certainly was 
Htlme when all this country was under a considerable thick- 
^■B of ice — the result of a very low temperature extending over 
^K exceedingly large section of the globe. 

^B The questions which naturally arise from tha contempla- 
^■p of the phenomena connected with the changes of climate 
^K the earlier history of our globe are — At what period of geo- 
IH|[ical time did the last glacial epoch occur ? for how long did 
*it iaat ? and when did it terminate ? 

We mupt endeavour briefly to give the answers to those 
questions which arc afforded by the investigations of science. 

At one period there prevailed an idea that the subterranean 
heat of our globe exerted a considerable influence upon the 
condition of its surface temperature. Sir William Thomson 
appears to have proved that the general climate of our globe 
could not have been sensibly affected by internal heat, at any time, 
I more than 10,000 years alter the commencement of the solidi- 
flcation of the surface, and he states that the present influence 
"f ioteiTial heat on the surface temperature, amounta to about 
■■nly 1-7 5tb of a degree. Mr. CroU, in his " Climate and Time," 
^iira, " Not only is the theory of internal heat now generally 
"tiaadoned, but it is admitted that we have no good geological 
evidence that climate was much hotter during Palasozoic ages 
Ulan now, as some have somewhat hastily asserted, and much 
Iws that it has been becoming uniformly coldor." 

Certain it is that the temperature of the Earth is re- 
gulated by radiation of heat from the Sun. Supposing this 
fo lie a constant quantity, as we have every reason to do, how 
^ it that we have evidences of great climatic changes? We 
*Qow that an arctic condition of climate prevailed in our 
■sland, and that most of the temperate regions, down to com- 
paratively low latitudes, were buried under ice, and that at 
Another period Grrecnland and the arctic regions were not only 
^ee from ice, but were covered with a rich and luxuriant 
Vegetation. 

To explain these great changes, Poisson and others following 
TOL. SIT. — HO. LTI. B 
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him, supposed tlie Earth to have passed through liottei uwl 
colder zoues in space. Others have adopted the ^-iew that the 
Sun is a variable star, and that the glacial epoch correspondi 
to the periods of decrease in the solar heat. Again, it; ha^ hixa 
a favourite hypothesis with some astronomers that chaJiget ifi 
the obliquity of the ecliptic, explains the variations of got* 
logical climate, but it can be shown from celestial mechanici, 
that the variations in the obliquity of the ecliptic must alwBjS 
have been so small, that they could not materially affect ti* 
climatic conditions of the globe. The only other view whioh 
requires consideration (the former ones being unsupported bj 
any satisfactory evidence) is the change in the eccentricity of tlu 
Earth's orbit, the influences of which on temperature have been 
examined by Herschel and others. Upon the authority of Jfr. 
CroU's philosophical work already quoted, it will appat 
that if the secular variations of cHmat-e which we have bwa 
considering be either directly or indirectly the result of changw 
in the eccentricity of the Earth's orbit, we have the means ill 
determining when these variations took place. If the gkdll 
epoch was influenced by the causes here referred to, Mr. GwU 
shows that we have the means of ascertaining with tolenUt 
accuracy, not merely the date of its commencement, but A« 
length of its duration. M. Leverrier determined the si ^ 
limit of the eccentricity of the Earth's orbit, and he has giv# 
formula' by means of which the extent of the eccentricity fin 
any period, past or future, may be computed. From taUd 
constructed by that eminent astronomer, it has been comjmtei! 
by Mr, Croll — supposing it to be admitted that the ghuiialepod 
was in any way dependent upon the altemtious of eccentna" 
—^' that it extended over a period of 1 C0,000 years. Bat 
the glaciation was only on one hemisphere at a time, 80^ 
years or so, would represent the united length of the cold periods.' 

By a careful examination of the amount of denodalia 
effected during the glacial epoch, it has been supposed thattl 
Biuface of the country waa ground down by the ice, to tl 
extent of one-tenth of an inch annually, which gives upwardsi 
650 feet of matter removed from the surface diuriug the whole i 
the glacial epoch. By determining the rate of snbEerial deDodt 
tion, which is ascertainable by learning the quantity of 
which is carried off the land at the present time— that is, 
ascertaining the amount of sediment annually carried into t 
sea by the river systems — we have an approximate measure 
time since the close of the glacial epoch. The fiicts of geolog 
appear to prove that the close of the Great Ice Age doo« B 
date back beyond 80,000 years. 

It has been thoug;bt by some geologists that alterations 
the distribution of land and water would produce the ohai^fl 
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IElixQate to which we have been referring, and without doubt 
J would do bo; but it is now generally agreed that little or no 
h change has taken place, and that all our large continents 
and islands not only existed in the glacial epoch, aa they do now, 
liut that the very contour of the Earth's surface was pretty much 
the same then as it is now. If an island, a " New Atlantis," 
ever existed between the British Isles and America — cutting off 
the inSuence of the Gulf Stream — there ia no doubt the con- 
ditions of our climate would be greatly altered. But there is 
no evidence of any such island ever having existed. We axe 
therefore driven back to an examination of the influence of the 
increase of eccentricity ; and although it coidd not directly lower 
the temperature of our country and cover it with ice, yet it might 
bring into operation physical agents which woidd produce this 
result. The argument of " Climate and Time " ia, that a high 
rtate of eccentricity would produce deflections of the ocean 
t.iurents, and materially modify their effects, thus producing 
Miriations of climate upon the continents and islands within 
tlii; influence of their waters. To such an extent is the tempera- 
ture of the equatorial regions lowered, and that of temperate 
and polar regions raised, by means of ocean currents, that were 
tliey to cease, and, each latitude to depend solely on the heat 
received directly from the sun, only a very small portion of the 
globe would be habitable by the present order of beings. 

Although it has been contended by Arago, Humboldt and 
others, that climatic variation is but very slightly influenced by 
chimgcs in the elliptical form of the Earth's orbit, yet there is 
every reason for believing that the oceanic currents do suffer de- 
flection by such changes. Consequently, if the Gulf Stream were 
stopped in its circulation northward, and if the heat conveyed 
by its wat«ra was deflected into the Southern Ocean, this would 
enormously lower the temperature of the northern hemisphere, 
and elevate it in a corresponding degree to the south of the 
tijuator. 

With the physical causes of oceanic circulation, it is not at 
present possible to deal. There are two theories which attempt 
to account for it— one referring the circulation to the influence 
of wind, and the other to the effect of gravitation. The relation 
vhich these hypotheses bear on the question of the changes of 
climate, may be made clear in a few words. When the eccen- 
tricity of the Earth's orbit attains a high value, the hemisphere, 
whose winter solstice occurs in aphelion, has its temperature 
lowered, while that of the opposite hemisphere is raised. If we 
suppose the northern hemisphere to be the cold one and the 
southern the warm one, the difference of temperature between 
the equator and the north pole will then be greater than between 
ei^uator and the south pole. If the circulation of oceanic 



^hse.j 



244 



POPOUUL SCIENCE RBTIRW. 



gtreams is dependent upon difference of temparature, the equa 
torial waters would be deflected more into tbe northern tka 
into the southern hemisphere, and thus the eccentricdty, by infli 
encing indirectly the physical causes at work, may be reganie 
as materially influencing the conditions which produce the laet 
and probably all other yet more ancient glacial epochs. 

The temperature of our country is known to depend upo 
the influence of those oceanic waters which are warmed in th 
Gulf of Mexico. When — as they have done as we suppose ft 
80,000 years — these waters come to our shores charged with 
certain residue of that tropical heat which they have gatheie 
by convection from equatorial land?, they yield it up for oi; 
benefit, producing that equalisation of temperature in whic 
the British Islands rejoice. 

If, in the progress of change — which is the law of natme- 
there eventually should occur an alteration in the eccentricit 
of the Earth's orbit, and consequent upon it, a deflection o 
the Gulf Stream southward, the hills and valleys of now fertd 
England would again be broi^ht under the influence of 
treme continuous cold, and there would be a renewal of anothi 
Great Ice Age. 
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RECENT RESEARCHES IN MINUTE LIFE. 

By henry J. SLACK, F.G.S., Sbc. R.M.S. 

[PLATES CXXni. and CXXIV.] 



OBSERVERS have not yet arrived at sufGcieDt knowledge of 
a great number of the minute organisms known as infii- 
l ■oria to classify them in a satisfactory way. Thin is especially 
■faiie of the jVlooadina, or monads, under which name many 
rogencous creatures were placed by Ehrenherg and Dujar- 
Recently Haeckel has proposed to group together, under 
i name Monera, those lowest organisms which, at their highest 
"ftte of development, are composed of sarcode in a simple 
^ractureless state. These Monera he places in the lowest rank 
of I*rotista, a kingdom intermediate between animals and 
plants, which " reproduce themseh'es by monogony and not in a 
^fxuil manner."* Amongst the Protista are the so-called 
-Mcnere, tTagellates like Euglena, &,c., Labyrinthula, Diatoms, 
i'liDgi, Amcebse, Rhizopods, &c. It certainly cannot be affirmed 
■jf all these organisms that they reproduce by monogony to the 
eiclusjon of a true sexual process, and as the life-history of only 
a '«sw have been fairly made out, many supposed different species 
™^y prove to be only various forma of the same creature. It is, 
'^'>reover, somewhat begging the question to say of any small 
"^^-Hg object that it possesses no organisation be«tuse we cannot 
P^f ceive it. The minuter forms are in many cases so pmall that 
*^ is difficult to see them aa wholes with the highest objectives, 
^1d many probably escape vision altogether. When the whole is 
^^^arcely visible with the best appliances, it is mere dogmatism to 
*^y that it has no differentiated parts. The lowest kind of orga- 
nization may differ little from the molecidar arrangements which 
give the crystals of many substances different optical properties 
I la different directions, and may continue to elude any means of 
I inveatigatioQ we possess. How low down in the scale of being 
L true Bexual processes occur is still a matter of speculation. 
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Analogy would make it universal. Messrs. Dallingpr and 
Drysdale have traced it amoogst a group of minute monads, 
and it has been found in maoy of the fungi. With regard to. 
the latter, the reader maybe referred to '* Cooke and Rerkeley'i 
Fungi, their Nature, &c." and to M. Von Tiegliem's experiments 
on the fecundation of Coprinus epheinfroides, a little agaric 
found on dung. He confirmed the statements of M. Reess 
respecting C. stecorai-ivs, and showed that this fungus produced 
male elements in the form of minute rods, and these behaved 
somewhat like pollen to the female cells.* The recognition of 
sexuality in fungi is not new, and it is many years since M. 
Tulasne discovered that some of them produce spermatozoids. 
M. Claude Bernard observes that " sexuality ia the paramount, 
xmiversal, and necessary mode in which resides the true unity 
exhibited in the entire series of animals and plants. Its mecha- 
nism may be complicated and very uncommon, but physiological 
analysis succeeds in demonstrating their essential identity when 
reduced to their elementary conditions." 

The germs of some organisms are so minute as to defy detec- 
tion with existing means. We shall find this the case witt 
some of the monads investigated by Messrs. Dallinger and 
Drysdale, and the fact is alliided to by Dr. Burden Sanderson in 
his paper on " The Pathology of tlie Infective Processes." f Ho 
ia speaking of the bacteria connected with splenic disease, first 
discovered by PoUender, and at a later time independently l^ 
Davaine, and remarks : "Although the blood of animals affected 
with splenic fever always contain the staff-shaped bodies if it is 
examined at a sufficiently advanced period, the disease can be 
communicated by the inoculation of blood in which these bodie* 
either arc not present, or at al! events not in such numliers as to 
admit of their being madeout microscopically. Thiswas originally 
stated by Brauell, and has been recently confirmed by Bollingw. 

It lias been proved experimentally that two liquids 

the same chemical constitution, and placed under exactly the 
same circumstances (i.e. both completely protected from exter- 
nal contamination), may stand in an entirely different reUtion 
to the ordinaiy bacteria which pervade all aqueous media, thi 
difference consisting in ttiis : that whereas one of the liquids i 
proved to be prone to the breeding of bacteria by their appea^ 
ing in it, as if spontaneously, the other may be kept for 
length of time without such development taking place." 

In anotlier passage the same authority observes ; " In t 
mon ubiquitous bacteria, those which ajc concerned in putt^ 
iactive changes are known to be, in their ordinary active statei 

• " Corapt«H Rendus," Feb. 8, 1875. 

t " Public Health Reports," Sew Series.No. 111. 1874. 
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easily destrored. Thus thej aie miaUe ta fonitv complet* 
desiccatioD or a temperatore higber tbta 60^ C On the other 
hand, it U equally well asoeitaioed tliat "«■■'*■' fifrtaining hm^ 
teria are not deprived of the poira* of onginatiDg new genen- 
tions of these OTganifms by beat, mileas tb^ aie ekber subjected 
to a temperature considetably higher tbaa tbat of ebullitioD, or 
boiled for a reiy loi^ period. The reasoa of the ^^nrent dis- 
crepaDcy is to be found in the £>ct that the fc*cteria bare tm 
modes of existence, the odc characterised bv pennaoence and 
r^stance, the other by rapid development said short duration; 
that in all bacterial masses which have the power of resisting 
high temperature ; e.y. in che«se, there exist, in addition to the 
ordinary formii of readily killed bacteria, other living partides 
of mort stable structare. The properties of such bodies, to 
which Profes»>r Cohn assigns the name of lasting spores 
(^Dauersporen), are only just now beginning to occupy the 
sttentioD of mycologists." 

Dr. Sanderson is mistaken in supposing that " resting spores," 
as they are commonly called, are only just beginning to occupy 
attention. It is ten years since Mr. Berkeley published a paper 
in the Intellectual Obeeiver' " On the Besting Spores of certain 
Fungi," in which many iUustiations were given. It i; quite 
probable that bacteria may produce resting spores, and very 
likely at certain stages of their existence a sesual process occurs, 
and the germs resulting from it have great powers of resisting 
beat. 

A confirmation of the »-iews of Dr. Biudon Sanderson has 
just been obtained through the experiments of JI. Feltz "On 
the Poisonous Principle of Putrefied Blood,"t He found that 
even the powder of blood that had l>eeo putrefied to tliat stage 
in which bacteria, &c., perish, and then dried, could set up 
septicemic disease when mised with water and injected into 
dogs' veins. He concluded that gernis of bacteria, which he 
could not detect with the microecope, had survived the putre- 
faction and desiccation, and were able to produce a new race of 
the infusoria. 

Where the germinating power of an o\'ule depends upon nitro- 
genous matter like common albumen, which coagulates and 
becomes insoluble at 60° C. (140° Fahr.), it is easy to under- 
stand why a temperature short of boiling kills it; other nitro- 
genous bodies do not seem to lose their properties until actually 
burnt ; and it would not be sirrprising if organic germs slioidd 
; which can only be destroyed by a temperature ;it which 
1 becomes scorched. 

• VoL vi. p. 31. 

1 " Comptea Rendiw," May 31, 1875. 
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The fungologist recognises the same species of many fungi 
under various formB so discrepant that only a study of their lift 
history could lead to the helief that fchey were in any way 
related. Messrs. Dallinger and Drysdale show this to be the 
case with certain monads ; and probably a great many infiisoria 
are able, at certain stages of their existence, to give 
other forms, if the surrounding conditions are favourable. The 
yeast plant and allied fungi, according to M. Pasteur, are able 
to change their mode of living if introduced into new circmn- 
Btances, sufficiently young. In one state they are consumfo^ of 
the oxygen of the air, but they can live in fluids containing 
none of that substance, and then their vital processes are carried 
on through the power they possess of decomposing bodies which 
contain it. He divides certain organisms into two classes: 
aerohies, which require air, and anaerobieSy which can do without 
it, although capable of using it. The latter act as fermenU 
when deprived of air, and join the aerobies, ceasing to be fer- 
ments when it is supplied to them. These opinions w«io 
contradicted by experiments of MM. Brefeld and Traube, but 
confirmed by fresh researches of M. Pasteur, who discovered 
that his opponents had, in one case, not employed young yeast 
ceUs, but only older cells, whose habits, so to speak, had become 
fixed ; and, in another, admitted extraneous bodies, which 
affected the result." These obaervations may suggest important 
inqiiiries with reference to organisms supposed to cause disease. 
Besides the fungi mentioned by M. Pa8t<>ur, many othec 
organisms may act as ferments, or not, according to their sur- 
roundings, and this may make all the difference between 
innocence and their noxiousness. 

The researches of Messrs. Dallinger and Drysdale may well be 
considered in connection with facta like the preceding, Th*^ 
operated chiefly with an infusion of cod's head, which prodw 
after the ordinary forms that occur in putrefying mattersi 
several remarkable monads. In some cases the creatures thej 
describe did not appear until the infusion had been kept foi 
many months. 

Their first obaervations related to the monad in PI. CXXIU. 
fig- 1) which multiplied by transverse fission. First came an hour* 
glass constriction, and both ends of the little animal tugg»* 
away from each otlier until the sarcode at the thinner portion ws 
rtretcbed out to a fine thread, and finally snapped to make ne' 
flagella when the separation was completed. After this mod< 
of division had gone on for a period extending from two t 
eight days, some of these monads became amceboid, as shown ii 
fig. 2, where they are beginning to coalesce. 1 

■ " CompteB Rendus," Feb. 22, 1875, 
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continued until a round mass was formed, and thi.*, bnrsting, 
poured out streams of infinitesimal spores. These were no rai- 
uute that " with the 1— 25th (Powell & Leland'e) the most 
accurate obsener could not have discovered their presence if ho 
had not previously seen them with 1— 50th." Gradually grow- 
ing and developing, these germs reproduced the parent forms. 

Their next set of observations led to still more curious results. 
They were made on the form represented in fig. 3, which 
rarely appear in the codVhead infusion under three or four 
months. Its average length is about l-3000th of au inch. The 
lower flagellum of this monad enables it to anchor it«elf, and 
having done so, it springs liackwards and forwards, somewhat 
like vorticeUa, " except that the uncoiling was as rapid as tlie 
coiling." ^Mien tliis creature multiplies by trans^'erse fission, the 
anchoring flagelhmi becomes involved in the process and divides, 
and the same takes place when the fission is vertical, as in 
fig. 5. 

Now comes the remarkable part of these studies, which shows 
the triangular object (fig. 7) to be one of the life forms of 
fig. 3, and that the globular one (fig. 6) is only another Btage. 
Tlie masses like fig, 6 push out the little projectile r., termi- 
nating in a flagellum. The mass elongates, the new flagellum 
divides, a constriction forma slanting across the animal, and 
shortly it divides into two monads, which move off and establish 
connections with the ordinary forms, and from the fusion of the 
two arise the triangular forms like fig. 7. These, losing their 
fiagella, and somewhat chan^ng their shape, pour out from 
their three comers floods of extremely minute particles, which 
prove to be growing germs. 

Thus we find an ovoid biflagellate monad, a globular creature, 
and a triangular one, the last of which, from its aspect, might he 
supposed another species, to be only different states of the same 
thing. The globidar creature splits into ovoid monads : they 
enter into conjunction with other ovoid monads and form the 
triangular creatures which pour forth myriads of spores that 
reproduce the ovoid shape ; but how do the globular ones arise? 
Occasionally some larger anchoring sorts appear, become amoe- 
boid, and finally globular. 

The cod's head infusion in an advanced state of decay yielded 
another monad with an equally remarkable history. It is repre- 
sented in fig. 8, the size Iwing from l-3000th to 1-lOOOth of 
an inch in its long diameter. One of its flagella is permanently 
hooked at the end, and acts as the locomotive organ, carrying 
the creature onwards in a series of jerks. This monad multi- 
plies by fission, hut occasionally two enter into conjunction, 
one being distinguished by a knot at the end of his non-hooked 
£agellum (see fig. 8), where they are almost in contact. The 
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lesser and under monad becomes absorbed in tbe upper one 
the two form " a yellowish gelatinous flabby masa," which grow 
Bpherical. Then two little openings appear at opposite point 
of the margin, with a faint line connecting them ; t.hese two noi 
giving the appearance of fig. 9. Fresh openings and radii thi 
appear between each of the first four, and after a time the creatut 
exhibits spots and lines all over its surface, somewhivt. like volva 
globator. Further segmentations ensue, and finally a boat 
little monads are discharged. Sometimes four or six 
enter into conjimction instead of only two. 

Still another monad from tbe fish infusion afforded a nei 
series of facts. It is seen in fig. 10, and is about 1— iOOOth t 
an inch long, but usually rather less. Its peculiarity is mnltipl 
fission. First it roimds itself, then becomes a little indented 
then like a cross-bun, then us in fig. 1 1 , then like a bundle < 
little curved maggota, and lastly comes their separation i 
monads of the parent form. 

These, too, like the preceding, had their sexual mode of i 
production. Some appeared larger and plumper ; they fasteoi 
on the common ones, aa in the last case ; the absorption of ti 
smaller one took place, a round mass formed, and bursting, sea 
tered a cloud of spores so small that they could only be seen i 
a mass "like strong spirit poured into water." No grannli 
could be discovered even with the 1— 50th objective, but 8e\i 
hours after their emission tiny dots appeared with a magnif 
cation of 5,000 diameters. They came suddenly into view, at 
by qiuck growth, and developed rapidly. 

After a cod'a head maceration had been kept for twdl 
weeks, a peculiar monad appeared, represented in fig. 12. 1 
another case a year passed without its appearance in a simil 
infusion of salmon's head, and what determines its coming 
unknown. It exhibits a distinct hyaline envelope, and i 
hinder part contains granular matter, above which is a nudei 
like body. In fig. 6 a division is seen in progress inmdeH 
envelope, which keeps its shape. When the division ia com^ 
each of the new ones thus formed divides again, and SOToetin 
as many as sixteen are formed in this way, the whole swimn 
about like volvox, until one or more begins to rupture 
envelope, and they all escape except perhaps one or " 
which die. 

Some of the normal forms of these monads grow moT« a 
lar than others at their posterior end. They are usually 1 
than their brethren, swim freely, and suddenly dart out 
granules. When first expelled these granules are amorp- 
but after a time little spots appear in them, whicli beconv 
lively in about forty minutes, and finally escape as minute 
teria-like bodies. In four or five houra more they 
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parent form. The observers were rewarded for their most patient 
watching by seeing at last the sexual reproduction of these 
creatures. Two coalesced in a. rounded mass and hmst, pouring 
out a swarm of minute spores, as described in other cases. 

Strange as it may seem, the fish maceration affoi-ded another 
remarkable and elegant monad, which its discoverers terra, from 
its shape, the calycine monad. This is shown in fig. 14, and ex- 
hibits a considerable complication of structure. Like other 
monads this multiplies by fission, becoming first partly amceboid, 
bnt it also proceeds by sexual union. Fig, 15 shows two of 
them, which have assumed a conical amcehoid condition, uniting 
Ihi-mEelves together. TiMien this process is complete they make 
a sort of plum-shaped sarcode mass, in a sac with a few comers, 
but nothing like the curious amceboid form. This sac becomes 
round and smooth, then hursts, discharging swarms of extremely 
tnimite germs. When these germs Ijegin to develop, they look 
about from a fiftieth to a twentieth of an inch long when mag- 
nified 5,000 times linear measure, and they gradually take the 
parent form. 

In the preceding account of Messrs, Dallinger and Drysdale's 
researches a great many matters of interest have been omitted, 
and for such details the reader is referred to the series of their 
papers in the "Monthly IMicroscopieal Journal," 1873-5. One 
very curious and common feature was the possession by thts 
monads of an "eye spot," which opened and shut in a snapping 
manner. Exactly what this organ was could not be discovered ; 
but its presence, together with that of a nucleus, suggests a more 
highly organised condition than was previously Imown in such 
minute organisms. The facts here cited show that monads of 
excessively small size, after multiplication for an indefinite 
number of generations by fission, resort to a sexual process, that 
their germs resulting therefrom are so minute as to he in^sible 
except in a mass with the highest and best objectives at present 
made, and that the life series of the same creature comprehends 
forms so different that they would he referred to different species, 
some cases to different genera, or even families, if the 
of their succession had not been made out. 

The germs or spores of these creatures resisted very high 
temperatures; those of the cerco-monads 260° F. (178° C). 
The "springing monad," as its discoverers call the one that 
anchored and behaved somewhat like vorticella, and made a 
multiple fission, did not emit the cloud of minute sporules, and 
was destroyed by less heat. No adult form withstood a high 
tCTiperature, but as great a heat as 300" F. did not destroy the 
minute sporules of the uniflagellate form. The biflagellate 
germs survived 250° F. 

After these remarks it is impossible to admit that simple 
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Iwilisg destroys all germs, or ibat becj^iise no germs cao iNni 
covered with the highest powei's none exist. There are no dat 
by which any limit can be asBJgned to the minut«QesB of creat,nrei 
that may possees a complex organifiation, unless indeed matbe 
maticians concerning themselves with molecular ptiysics compat' 
it at something far beyond our possibilities of vision. Probabl^f 
the minutest of known forms does at some period of its 1if& 
history resort to sexual generation, as Claude Bemaid supposes. 
The question will arise, how do such facts, and suppositioDi 
drawn as inferences from them, accord with theories of abto 
genesis, which is a less perplexing term than spontaneoiu 
generation, Abiogeneais supposes that, under certain conditioDi, 
matter not derived by descent from previously living matt«r, 
can set up \'ital processes and grow. The opponents of tWi 
theory accept in a broad sense the old Harveian doctrine 
viimm, ex ovo, and believe that no inorganic matter becontei 
organic except under the directing force of a germ that had 
living parent. Under any hypothesis we must admit the pro- 
bable exiat-cnce of germs we cannot see, perhaps some so smal 
that our eyes can never behold them, as they may Iw beyonc 
the limits any optical aid we may obtain can reach. We hav 
also no reason for supposing that a heat of 300° necessarily de 
stroyg all gerrn^, and if all are killed at a higher one the abio 
genist woidd still need, for the complete working of bis theory 
to suppose that no possible beat could prevent inorganic matter, 
under certain conditions, from becoming organic. Doctrines « 
evolution, beginning with a nebulous condition of our own anc 
of other globes, require us to imagine that life existed pot«n 
tially, if not actually, through the fiery stages of condensatioi 
when the earth was a surging molten mass, or that it was intn) 
duced from without when the cooling had proceeded far enough 
Most believers in development doctrines would probably prefe 
the first of these suppositions, and expect that, by fiuthe 
advances of science, connecting links and steps of transition wil 
be found between inorganic and organic matter — between non 
living and living substance. There is an evident converges 
of all sciences from physics to chemistry and physiology tonuri 
some doctfrine of evolution and development, of which the &cl 
of Darwinism will fonn a part ; but wliat ultimaio aspect thi 
doctrine will take there is little if any evidence to show, and pi 
baps it will not he shaped by the hiunan mind until metaphyai< 
as well as physical inquiries are much mo*'e advanced. If, 
the one hand, thero are thinkers wlio try to materialise all tl 
others call spiritual, there are philosophers who, bo to 5pea] 

^Epiritualiae matter, and expect matter and spirit to prove opp 

H»it« sides of the same thing. 

H Darwin's remarkable speculative guess of pangeneds is 
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► most probable way of accounting for the phenomena of 
beredity, and we need not be scared from it on account of the 
extreme minuteness that must be assigned to the represeaitative 
particles of which germs must be composed. M. Bdchamp has 
recently stated that the microfennents he discovers in eggs are 
so smaU that eight thousand millions would be required to fill 
the space of a cubic l-25th of an inch. The sporulea not visible 
as single bodies in the Dallinger and Drysdale observations 
under a maguiiication of 5,000 diameters must be still more 
minute, and yet they must be composed of parts, and contain 
that variety of matter which appears essential to germinating 
action. When a microscope just enables us to see very small 
bodies as distinctly separable from each other or from the fluid 
in which they may be found, their real size cannot be nearly as 
great as their apparent size, Most objectives would far more 
Uian double their diameters by optical errors, and if the best I 
added only a hundred-thousandth of an inch, that would be & ■! 
Tei7 important enlargement ; bo that in speaking of the actual 
dimensions of the smallest germs known we must use figures 
that transcend our conceptions of dimeneions as much as those 
employed by astronomers do when they talk of billions, trillions, 

1 other unimafpnable mile-distances in the realms of space. 
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^^Bte 6gurea ia these plntes are copied from the illustrations to the 
^fcareheB oE Mr. Dalliager ftad Dr. Drjsdalp. " Monthly Microscopical I 

Journal," 1373-4. 

Fio. 1. Biflogellate MoaBtl. 

FiQ. 2. Two that have become amrelraid in process ol 

Fio. 3. Moaad tlmt anchora with one fUgoUum. 

FiQ. 4. The aamn in proceaa of fiasioa. 

Pro. fi. The same in vertical fission. 

E6. A globular form which elongated and divided into two Monad«. 1 
Monads ibus formed enter into conjunction with the precedingf J 
and coalesce in the shape of fi^ 
7. Trinngular form resulting from coalescence, as above. 
Pio, 8. Hooked Monads about to coalesce. 

Fie. 9. Spherical form, resulting from the coaleecence, segmeating. 
Fio. 10. Uniflagellate Monad. 
Fis. IL Tlie above, after haTing rounded itself in an advanced stag* 

towards multiple fission. 
Fio. 13. A multiple flsBion Monad. 
Flo. la. The same in fiasion. 
Fio. 14. Cftlycine Monad. 
Fio. 15. Two of the above in conjunction after becomijig partly aniccbo 




THE TEXDEXCIES OF SYSTEMATIC BOTANY. 
By M. C. COOKE, BLA. 



rthe commercial world it is considered a laudable proceedln; 
on the part of any honest trader to pause once or twice in 
the year and review Ms position, take account of his stock, oon- 
gider the transactions of the immediate past, and determine on 
future operations. The reckless adventurer may not deem any 
such process essential, but thereby he neither merits the confi- 
dence or esteem of those who are worthy to bestow it. So alsft 
is it incumbent on those who pursue science to pause, if not so 
frequently, at least occasionally, and reflect on the past, 
template the present, and forecast the future, in so far a 
own particular study is concerned. ^\Tielher he shall always 
keep silence aa to his conclusions, or communicate them as ft 
warning or encouragement to others, may be matter of opiuioiu 
There may be times when to be silent is little short of treacberfi 
especially when there is ever so small a hope that by indicating 
rocks ahead the vessel may be directed into a safer channeL 

The number of those who take an interest in the tendendea 
of any one branch of biological science is comparatively smalli 
and probably those who interest themselves in botanical subjecU 
are by no means bo numerous as those interested in entom» 
logical or other sections of zoology. Still the few are entil 
to regard, and to them the estimate which one of their number 
may feel it imperative to make of the tendencies exhibited Ij 
the systematists of the day may not be without interest or ;' 
portance. 

It may be premised that although the writer will draw 
conclusions, and educe illustrations from his own special ' 
of the science, be does so in full confidence that the tendend* 
which he purposes to indicate are not pectdiar to that branch 

t are more or less present in all. The experiences of othoT 
nving been canvassed and compared with his own, ho belii 
' " ise are good grounds for the conclusion that oot onl; 
t the lower, but also amongst the higher orders of plants 
practices prevail, and the same tendencies arc maldni 
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lemselTea felt, \niat is true of fuogi is true also of Li f h cm 
and unicellular Algse; it may be also <rf the hi^ier Ciyptogsiiw ; 
certainly the fears expressed by those most capable to judge of 
the aspects of Phanerogamic Botany point unmistakaUf to tte 
Kune conclusions. 

Every aUowance must be made for the extended aad antTeml 
use of the microscope, which bait eo much increased ovr knov- 
ledge of the minute Etraeture of plants during the pMt qwter 
of a century. It may be that this continual resort to the micnK 
ecope has given to minute structural difference an ondtiA dtk- 
mctcristic importance in some instances ; but more tliaa all, it 
Las induced a method of closer observation ; it has foataed the 
faculty of seeing, whilst at the same time it has dinnaed the 
power of recognising broad and general affinities. "Ererf miantf 
bair and scale is depicted with fidelity, and every cell mnnbend, 
whilst the general contour is forgotten, and the brood effects of 
liglit and shade which pleased our forefiiUien is lost in the {«»• 
RaSaelite adoration of the trivial and ornate. 

ten or twelve years ago tbe makers of • 



tiously ranged themselves on two oppoong aides, so that ** niOtf 
ting " and " limiping" for a time became tbe mtdnnvu of 
parties ; but the controversy on vhat constitotflS a qieetes iMS 
subsided into comparative indifference, and tfaeonr has girai 
way to practice, leaving on record hundreds of AomtHal species 
for future generations of botanists to puxzle over aad nltintrtHy 
discard. So long aa the fashion was in tlie aaeefidaatt lor dirfattac 
one species into twenty, no very permanent injur; was thnat«Ma 
to tbe future of botanical science. Laboar was largely iacreued 
it is true, but the old generic distinctions remauied, am) the 
mischief was at least limited by recogniiMxl boundaries. UUi' 
mately, bowever, a new direction for activity ms disc o rereJ, 
and genera no longer received their old reapeet. TbtoeatrUf 
waters burst their bounds, and threatened a new ddoge w toon 
disastrous than its predecessor. This leads to a eoosideratMa 
of tbe primary tendency of tbe age, which conUDenosd hj de> 
vating individuals to the rank of species, and now thfcatens the 
&te of Babel by the coufusion of all generic distinctiooi. 

Anyone who bas observed closely the progress of Byit«matio 
lotany during tbe past few years cannot fail to liuvc noticed 
the great and sudden increase in the number uf gt-ncra, "ut of 
all proportion to new botanical areas. By a closer inciiection it 
will b«;ome evident how this great accession has been a^'om- 
plisbed. The old genus of Diacomycctou" ** ■■•rtird Iiy 

Fries under the name of Pesiza in h "cl 

in 1822, was still recognised with « 
thy same author in 1846, and at ' 
proposing any alteration ; indeed 
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then eeparated under new generic namei> tli<l not meet wisSm 
general acceptation. When Profesnor De Motaria Gubseqiwstl' 
propounded a scheme for the rectification of the class! ficattoD o 
the Diacoraycetes, it scarcely met with conai deration. Tin 
spiritoftheagebadnot yetset inin the direction of change. I 
would be scarcely necessary to allude to subsequent works, o: 
just to charge upon anyone or two iudlriduals the queatioQabh 
honour of splitting up the genus; especially when this one boi 
been selected, not as an isolated instance-, but as a type of manj 
others. Without attempting to enumerate the genci-a which 
have been proposed to occupy the place formerly held bj 
Peeisa, one work may be taken as a type of others : it is thi 
Flora of a Duchy of Germany, and in this the epeoia ol 
Pezizrt are distributed over no less than thirty-six genera, foi 
thirty-five of which the interests of science mado no demand 
whatever. It may unhesitatingly be pronounced that the whob 
of these thirty-five genera are based upon insufficient characttm, 
and that their only merit is to exercise the memory and intia- 
duce imnecessary confusion. Another objection might be ui^cd 
a^inst them, that they are not constructed on any one principle, 
Here two or three genera are based on the presence or abseooa 
of a stem, there on the globose sporidia. In one inatanoe thl 
characteristic feature of the genus is the presence of a Bcleio> 
tioid base to the xtem, in another the thick sulcata stem, and ii 
another the urceolate form of the cup. If such features are to 
be considered as suflicieot, then nearly every species mi^t b« 
regarded as the type of a new genus. Surely if it is sound t« 
construct a genua for stipitate species with globose sporidia, 
it must be equally sound to construct another for sessile «pecit$ 
with globose sporidia, another for stipitate species with elliptical 
sporidia, another for sessile species with elliptical sporidia, snd 
thus through the whole range of the forms of spoi-idia. Socfa 
a method, however unnecessary it might be, and liable to otfav 
objections, would still be consistent. In the case of other geoen, 
such as Splictrin, the main features of the new genera are tl» 
form, colotu:, and septation of the sporidia, so that at leafit Ui9 
method lias more of uniformity. 

It would be almost universally admitted that the genus Pasisat 
as limited by ^Mes, was one of the most natural in the whol« 
range of fungi. It may be cited as eridence of this that sttt- 
dents and persons little acquainted with fiingi sehlom erml in 
referring each species to the proper genus. The mnin features of 
a fleshy cup with a smooth disc commended itstlf at once; 
and although there might be a thousand species, the whole Mt~ 
rangement was characterised by simplicity, and fidtilled all tbo 
nqiiirements of classification ; siurely nothing morw was reqaisjta. 
It is quite immaterial whether a genus contains one Bpeciea or 
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one thoiisand ; it should no more be contended that because a 
genus is a large one it must be cut up into a number of smaller 
ones, for the sake of cou\'enience, than to determine that no 
gentis shall consist of more or less than twenty species. Numbers 
are wholly beside the question, and convenience is not science. 
In this instance we think that the inference is sound that one 
of the tendencies of the systematic botany of the day is the 
tmnecessary multiplication of genera. 

It may be urged that the evidence adduced of the reduction of 
one large genus does not warrant this conclusion. Perhaps it 
would not, if this were an isolated instance, but it is only one of 
too many. Without passing from the asci-bearing fungi we have 
in the genus Dotkidat another analogous instance. The same 
flora, as cited above, contains eight genera in place of the one 
constituted by Fries. This is hardly the place to discuss the 
merits of the different genera proposed in the place of one which 
aUo was a very natural one and required no modification. To 
constitute a genus like HomoBtegia on the basis of the habitAt 
of the species is so unsound that it only needs applying the 
eame principle throughout the genus to convince any unpre- 
judiced reader of its absurdity. If one habitat is to be accepted 
as the characteristic of one genus, why not another? Manifestly 
these are only, at the most, sectional or specific differences ; or 
if generic in one case, why not in another ? If generic, then 
species of Dotkulea found on grasses, on leaves, on ferns, on 
twigs, on herbaceous plants, &c., have each as good a claim to 
be regarded as distinct genera as Som.osteg-ia. 

Should this be considered Insufficient, attention might be 
directed to the genus Sphama, according to Fries, and the 
modifications proposed by more recent authors. Again, taking 
the same flora as our guide^which by-the-bye is by no means 
an extreme one, and does not include many proposed new 
genera — we find that forty-eight genera represent the old 
genus iSpAcma, or rather as limited by Fries in 1846. Here 
s^ain the limits of the primary genus were clearly defined, and 
the new genera have not been constructed for the reception of 
anomalous forms, but entirely by the breaking up of the parent 
genus. Botanists will comprehend at once the toleration with 
which we would accept the constitution of a new genus in 
which to place one or two anomalous species, which differed in 
some permanent, though it might be rather unimportant fea- 
ture, from the genua to which it had been afiiliated. But there 
is not even this excuse for the majority of genera into which 
the species of SphcEvia have been unceremoniously transferred. 
A little excuse may be made for the removal of species with . 
a membranaceous perithecium from companionship with those 
in which the perithecium is more or less carbonaceous ; but I 
VOL. IIY. — KO. LVI. B 



SSB ropvLKK flomna vnsmfl — 

on the whole the multiplication of genera was uncaUed-fo 
and unnecessary, and tbe new genera are constructed on unt 
principles. 

All the genera in this group {ABcomycetes), before the imip 
tion of the Goths and Vandals, were constructed on tbe prin 
ciple that generic characters should be based fundamentally oi 
the vegetative system, leaving the reproductive tor special 
distinction ; that is, diSerences in the size, form, colour, and 
septation of sporidia, had a primary importance in tbe discrimi- 
nation of species, but had no generic value. The character o 
the receptacle which contained this fructification had tbe chief 
place in the generic diagnosis. It was possible under such a 
method at once to refer an immature or an effete specimoi to 
its genus, though not to its proper species. The new gt 
are mainly constructed on the basis of the reproductive syatem, 
and consequently the mature &uit must be known before tha 
proper genus can he determined. It is well known ttiat 
species of Sphceria which have ultimately sporidia with five 
septa, these sporidia are at first simple; they then in proceas ol 
development become uniseptate, afterwards triseptate, and 
finally five-septate. There are thus three of the tnupposed 
genera through which the same species passes before it arrives 
at its final determination. A specimen found to-day witli 
simple spores may be determined as belonging to one genne ; a 
week hence it may be found again with uniseptate sporidia, and 
is then referred to a second genus ; a week or two later, and it 
is met with having triseptate sporidia, and is referred to a third 
genus ; and finally it may be found with five septa to the 
sporidia, and receives still another generic name. This is mani- 
fefitly playing at science. There is often no iotenial evidence 
whatever at the different stages that aeptation will pre 
further ; and it is only by finding sporidia and asci in <UfforQi)l 
stages of development, in the sune peridium with the 
Beptate or quinque-septate sporidia, that the life-history of tlw 
plant is learnt with certainty. There is another reason whj 
this basis of classificatiou Is unsoimd, and that is the veiy 
different character of the vegetsitive system, the est«mal habit 
and appearance of different species of Sph(tria with yeij 
similar fruit, not to mention a certain amount of variability in 
the sporidia themselves. Even in the case of coloured sporidia, 
which is often made a chief generic feature, it is well knomi 
that some species are very long in acquiring their brown cohat, 
and may be found ten times with colourless sporidia to on» 
with coloured sporidia. Into what difficulty must the student 
bo plunged when, instead of finding his Spkairia with hyaliw 
sporidia, in a genus so characterised, to he informed that tu 
must seek it in one devoted to species with coloured sporidit! 
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It canDot be an answer to this argument that the sporidia are I 
imperfect when they do not bear the evidence of imperfection^ 
and it is only from experience that the ultimate character of I 
the sporidia can he known. In the face of this fact it is u 
feetly unsound to base classification on features which require 
first of all that it should be determined what is the life-hiatory 
of the plant, and whether it has arrived at the final stage of its 
development, before its genua can be fixed. From this as well 
as previous illustrations it may be lu'ged that, not only is there 
a tendency in the systematic botany of the day unnecessarily 
to multiply genera, but also to construct them upon unsouud 
principles. 

Keferences might be made to other orders^as, for instance, 
of such genera as Uromyces, Capitidaria, and PucciiteUa — all > 
which are so identical that no sane mycologist would think of 1 
separating them from Vromycea, unless it might be by way of 
excuse for attaching his own name after them, and calling them 
uew species. The most recent systematic arrangement of tlje 
Myxogaatrea also demonstrates with what extraordinary facility 
a batch of new genera can be extemporised from old materials. 

It would be difficult to estimate with any certainty the 
number of recognized genera in fungi. The second edition of 
liindley'a " ^'egetable Kingdom " enumerated 544 ; these were 
increased to 813 in the third edition (1853), and in the inter- 
mediate twenty-two years the increase may be fairly estimated 
as bringing the total number to not less than 1 ,000, exclusive of 
a great many that are acknowledged to bo spurious or syno- 
nymous. The same or even greater difficulty exists in the 
determination of the number of species. Fries, in his " Epi- 
isriaia" (second edition), gives characters of 2,778 species of 
Ilymeiiomi/cetes found in Europe. Hence it may fairly be ' 
concladed that the total number of species of Hym^nomyceten 
is not less than 5,000, leaving a less number for the rest of tlie 
world, inclusive of North America, which is very rich, and the 
large number of Polyporei, &<:,, foimd in tropical countries. 
The number of good species of the Diecomycetea which we have 
recently had occasion to study closely and critically is not lees 
than 2,200, and the residue of the Aacomyceten wiU not be less 
than double that number. Consequently we think that it is a 
very safe estimate to place the number of species of fungi at 
20,000. With such a number of plants it may readily be 
imagined with what concern those who are intimately attached 
to their study regard innovations which are calculated, not only 
to increase their labour to an alanniog extent, but threatens U> 
bring the whole of that branch of the ncience into inextricable 
confusion. The same fear ia beginning to take possession of 
lachenologi^ and those who have devoted themselves specially 
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to the Dlatomucece have been heard to iotimate their dfi BIB 
taction at the tendencies of the age. If we had not fnund 1 
echo to our feara in those who have to deal with flowerinj 
plants, we had not ventured to attribute the tendency exhibite( 
in relation to fun^ to the whole area of systematic botany. 

Some mycologists have still Bufficient taith in tJie soundness o 
the principles on wliich tije Frieaian genera (for so they may be 
called) were constructed, that they are content to adhere to tlien 
in practice, and will only accept a very few of tho new ^nera 
On the other hand, if some recent floras are to be taken aa en 
dence, certain mycologists seem resolved to adopt as many as 
possible of the new genera, excluding the old ones ; so tliat two 
concurrent systems may be said to be coming into vogue— 
a double series of names, an unending catalogue of t<ynonyin^- 
leaving to a future generation the Herculean laboiu- of discover- 
ing tlie good grain amongst so great an abundance of chaff. It 
is almost impossible for any pereon to keep pace with the rajnd 
evolution of genera and species, to read and endeavour to coift- 
prehend them, much less store them in their memory, to note 
the conflicting interpretations of the same genus, to see two or 
three species accepted by one, rejected by another, or divided by 
a third; so that one feels constrained to add still another oondo- 
sion — that the tendency of the systematic botany of tbo day ts 
rapidly towards chaos and inextricable confusdon. 

The free emendtition of the characters of long established 
genera is another fertile source of mischief. The practice ia ly 
fer too common so to alter and emend (?) an old genus ae to 
limit considerably the number of species it can include ; and this 
consequently lends excuse for the subsequent proposal of new 
genera to contain the species excluded from the old one by thil 
process of manipulation. This leads to confusion aa to the 
interpretation which is to be attached to the generic name, 
whether it is to be accepted as proposed by its author, or the 
more limited sense attached thereto by the emendator. 

In a like manner the method of dealing with the parantic 
Coniomycetous fungi may be alluded to. This method is prob- 
ably confine<l absolutely to fungi, and has nothing analogous in 
other branches of botanic science. It has long been suspected— 
we cannot say demonstrated — that some of the species of Pucti' 
niri Iiave relations of a pecidiar nature with certain species of 
/EcldiiiTn, which are, according to this theory, but another form 
of development. However strong the con\iction may be in 
some minds that this is really the case, it is surely pi-emntum t« 
act as though the relations were satisfactorily proven, and emeiki 
the nomenclature accordingly. Thifl eonrse, tliougU unsouad 
nd reprehensible, has been adopted, and advantage has b«n 
jiL-u, by these radical reformers, of a change in the dia^no^ 



r 

■Meg 



THE TENDKHCIES OF 5TSTBMAT1C BOTAHT. 



261 



Bie genus Pvxxmia, by unison of yEcidiu-n as an hymeniferoug 
stage, to replace tbe names of tbe venerable authors of the ori- 
ginal species by their own ; and Persoon, De Candolie and others, 
h&ve been tlirnst aside to make room for the Schmidts and 
Schneiders of the new age. It has even been deemed a sufficient 
warrant for superseding the name of tlie original author attached 
to a species of Puccinia, to cite, or suppose some special form of 
TrichobaeiB as its uredo-form. By this means one large or 
variable species has afforded material for a dozen or twenty. It 
is most probable that each species of Puccinia has its uredo- 
form, although it is very doubtful whether tliey have been accu- 
rately assigned in all instances when the attempt has beea 
made, often upon tbe slightest semblance of evidence. It is 
doubtful whether, in cases where mycologists have given new ' 
names to supposed species of Puccinia on the assumption that 
they have found the hymeniferous state in some jEcirlium, or 
the uredo-form in some Trickobaals — wholly ignoring specific 
names previously applied to the bicellular, or most perfect con- 
dition, by old authors — should not find their new names discarded, 
and the old names revived, even if tht-ir suppositions prove true. 
To some persons the method resorted to by certain species-makers 
of discarding recognised names seems like " sharp pmctice ; " it 
may be that harsher terms are applied to those who have effaced 
older and worthier names on an excuse so paltry, and which 
must fail to secure them the esteem of thoughtful workers in a 
future generation, when the fashion of the day has passed away. 

It is scarcely necessary to refer at length to the acknowledged 
tendency towards increasing inordinately the number of sup- 
posed species. To secure uniformity of recognition of the limits 
of species is a hopeless task ; nevertheless, sometimes the most 
credulous are subject to severe trials of faith. It is a relief to 
contemplate the terse and compact manner in which all the 
characteristic features of a species are compressed within the 
limits of two or three lines by some of the older botanists, as 
compared with the prolix thirty or forty lines in whicli attempts 
are made to characterise some new species, wliich the author 
liimself scarcely seems to believe in. Constant care is necessary, 
not only against following example but too widely extended, _ 
but to guard against mistaking the variability of individuals 
for specific differences. The broader and more extended expe- 
rience becomes, tlie larger the number of the same undoubted 
epe<;ies and its allies which the botanist is privileged to examine 
from remote habitats or distant parts of the world, the less dis- 
posed is he to construct species hastily ; and hence we find that 
the moat irrepressible makers of new species are usually those 
whose experiences are confined within narrow limits. Excep- 
tional cases may be found in those who are called upon I 
4lescribe the flora of a new country. 
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Tbere 19 perhaps anotlier tendency, which exhibits 
stronger in the present day than at any previons period, wtlich' 
may be alluded to in passing ; and that is the practice of apply- 
ing complimentary specific names. It ia always preferable that 
a specific name Bhould, if possible, indicate the principal feature, 
or one of the principal features, which distingriish the new 
species from its congeners. In a large genua this is not always 
possible ; but it is to be feared that such a desirability never 
presents itself very strongly to the mind of those who are con- 
tinuaily complimenting their friends, or flattering their patrons, 
by attaching their names to some obscure plant. It is amusing 
to note in most cases how speedily Professor Jones returns tha 
compliment wliich Doctor Smith has paid him, and how 
promptly the Sphiim-Ui SntithH of Jones follows the Sphcerin 
Jonesib of Smith. Less exception can lie taken to the dedi- 
cation of a new species to the memory of a deceased botanist 
who may have made that genus a special study ; but mutual 
interchange of such compliments between living men, who 
should have greater respect for their science than to make it 
subservient to flattery, is no great compliment to their own 
judgment. Instances could be cited in which officers of state, 
nobles, and honourahles, Lave been called upon to accept the 
dedication of a new species to their name. "WTiat a satire 
these men must think such exhiliitions to be on the science 
which thus professes to honour them. It is somewhat ano- 
malous that some of the most objectionable forms of tJiia 
tendency are eihibited by citizens of the first Republic of the 
world. Their wives and female acquaintances, upon a little 
quiet reflection, could hardly thank them for sending their 
names down to posterity spiritiially wedded to some blight, 
mildew, or other destructive fungus. Taste probably differs on 
either side the Atlantic. 

We have freely commented on such of the tendencies of 
the age in regard to systematic botany as have most forcibly 
impressed themselves on our minds ; and whilst we have done 
so, it has not been hinted that we regard British botanisUu 
sinners before all others. On this point we desire that no mifr 
apprehensions should exist. The " silver streak," or some good 
fortune, has as yet spared us from the epidemic which seems to 
prevail so extensively on the Continent. As far aa our own 
experience goes, it is with no little pleasiae that we exonemta 
the systematic botanists of these islands from participation in 
the follies, and worse than follies, to whicli we have tliought it 
expedient to direct attention. It is earnestly to be hoped that 
in these matters they will not import their fashions from 
abroad. 

It is scarcely expected of UB to speculate on the sources of 
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these tendencies, but they do in some sort seem to be related 
to the temper of the times in other matters. There is a 
lacking of respect, almost a defiance of authority, an impatience 
of restraint, a desire for change, a restlessness and dissatisfaction 
at old barriers and landmarks, an assertion of individual right 
to think and act independently of every one and every thing 
else — all the tendencies which manifest themselves in times of 
political activity — and which expend themselves in various 
directions when the political activity subsides. It can hardly 
be expected that science alone should escape the influence of 
events that stir nations to their last man ; and though the rela- 
tion of cause to effect may be difficult to trace, there may at 
least be good ground for speculation. 

For the future, we would still hope that some seasonable 
check will intervene to prevent the consummation of the designs 
of those who would completely overthrow all the labours of those 
who have toiled in this branch of science. We have faith in the 
few who have not bent the knee to Baal making their protests 
heard, and that time and reflection will also aid in convincing 
those who are now foremost in destruction that their work is 
not progressive but retrogressive, and that it is better to build 
than to destroy. 



THE PAST AND COMING TRANSITS AND AECHO J 
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THE materials obtained during the recent transit of Yenni 
have been gathered together, and though man; monthi 
mtist elapse before the definite solar distance to which ihej 
point can be ascertained, we already possess the means of form- 
ing an opinion as to their general \'alue. The result is not 
altogether that which had been anticipated by any among those 
who were interested in the preliminary arrangements and pr»- 
parations; though, on the whole, it woidd appear that the 
astronomers of AJnerica formed the justest anticipations respect- 
ing tlie probable course of events. I am not, of course, referring 
here to accidental circumstances, such as the weather at this of 
that station. It must be clear that the best laid plans were 
liable to be defeated by conditions of weather ; for though some 
of the stations were placed in regions where the weather pny 
babilities were exceediugly favourable, and others unfortunately 
(but necessarily} in regions exposed to almost continual stornu, 
yet nothing could be confidenUy predicated, even respecting 
these stations, and far the greater number had simply the ordinary 
chances of fair or foul weather. It happens, indeed, that of the 
two most favoured regions, Egypt and New Zealand, the former 
barely sustained its reputation (the sim at some stations only 
just clearing a cloud bank in time to be seen), while the \aita 
had worse fortune than any other region of like extent. On the 
other hand, several stations where bad weather was regarded u 
too probable— as St. Paul's Island, Auckland Island, and Ker- 
guelen Land — had veiy favourable weather. I may notice, ia 
passing, that even as respects the manner in which wi^at her prob- 
abilities were dealt with, there was a wide difference between 
the American and our English manner of acting. 
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that the official astronomers responsible for the Eugiish plana 
wmaidered the unfavourable weather likely to prevail over most 
of the more suitable soutbem regions was a sufficient reason for 
having /ewer southern than northern stations. The American 
astronomers held just the contrary opinion. "From all the re- 
ports," says Professor Newcomb, the chief of the Washington 0I> 
servatory, " it was found that the chances of good weather were 
much better in the northern than in the southern hemisphere ; 
therefore, instead of sending an equal number of parties north 
and south, it was determined to send three to the northern and 
five to the southern hemisphere." 

But it was in the actual observation of the phenomena of the 
transit that circumstances were noted which most significantly 
affect the value of the various methods. These circumstances 
I proceed now to consider, as on them must not only depend 
the opinion we are to form respecting the arrangements which 
should be made for the t.ransit of 1882, but also the value we 
are to attach to the results secured last December. 

In the first place, it will be remembered that though doubts 
were expressed in many quarters as to the possibility of deter- 
mining the moment of internal contact with great accuracy, 
the doubts so expressed were based chiefly on a phenomenon 
called usually the " black drop." It had been supposed that the 
greater part of the error in the determination of solar parallax 
from the transit of 1769, had arisen from the difficulty caused 
by the " black drop." Some observers were assumed to have 
taken for the moment of true internal contact the instant when 
the edge of Venus seemed to separate from the sim's at ingress, 
or to join the sun's at egress — a sort of dark li^ment suddenly 
breaking in the first case, and as suddenly forming in the second 
case. Other obsen'ers were assiuned to have judged when the 
outline of the undisturlied part of the planet's disc belonged to 
a circle which, if complete, would have just touched the sun's 
edge. Tiie interval between the first kind of contact and 
the second, or between real contact aud apparent contact, was 
assumed to have a constant value — seventeen secouds. This 
done, and the observations passei:! through what Leverrier has 
called the " grist-mill " of the method of least squares, there 
came out a result agreeing very well with the values of the sun's 
parallax obtained by other methods. Unfortunately it so hap- 
pened that many of the observers in 1769 noted contacts of 
both kinds, aud instead of finding the difierence to be seventeen 
seconds, or thereabouts, they observed differences varying from 
twenty to forty seconds, and in one or two instances attaining 
a yet greater value. This of itself wduld have sufficed to 
deprive the explanation of all real \-alue ; but it was further 
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noted, by Conticeatal and American aetronomerii, that thi 
proceas by which explanation was attempted corresponded ti 
what Bchool-boys call *' fudging," or working backn.-aTds from 
the answer to the data of the question, with " allowance for 
error," whenever any discrepancy seemed disposed to make an 
appeamnce." Nevertheless it was not doubted that the " black 
drop " is a real cause of difficulty and error in observing con- 
tacts, and very elaborate preparations were made to overeomo 
this difficulty. Models of the transit were constmcted, both in 
Europe and in America, on different plans — one devised by a 
Continental astronomer, the other by the American astronomers 
at Washington. Elaborate theories were devised to account for 
the peculiarities and varieties of the observed phenomena. And 
it was judged, not without reason, that the " black drop " would 
not cause the same degreeof trouble, during thetransit of 1874, 
as it had occasi:>ned in 1761 and 1769, or at least to the 
mathematicians who had to deal with the results then 
obtained. 

But when the transit was actually observed it was found that 
the " black drop" was a much less serious cause of trouble than 
another which, though recorded by obseners in 1769, had 
somehow received much less notice than it deserved. Professor 
Grant, in his fine work, " The History of Physical Astronomy," 
thus describes what was known of the phenomenon in question 
before the recent transit : — " It was remarked, by several 
observers of the transits of 1761 and 1769, that both at the 
ingress and egress the portion of the limb of the planet that 
was off the sun was visible by means of a faint light surround- 
ing it in the form of a ring. La Chappe, who observed the 
transit of 1761, at Tobolsk, in Siberia, states that the light of 
the ring was of a very deep yellow near the body of the planet, 
but that it became more brilliant towards the outer border. 
MM. Stromer, Mallet, Bergman, and Melander, who observed 
the same transit at Upsal, remarked that when three-fourths 
of the planet's limb had entered upon the sun, the remaining 
fourth was visible by means of a faint ring which appeared 
around it. A similar phenomenon was observed on the same 
occasion by Wargentin at Stockholm, by Planmann at Cajen- 
burg, and in several other instances. Dr. Maskelync, who 
observed the ingress of Venus upon the sun's disc at Green- 
wich, on the occasion of the transit of 1769, states that, 
when the planet was little more than half entered upon the sun, 

* For instance, the diSerence of seventMn seconds jiut menlioned v 
fened from the teault required, cot from the facts given. 
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he saw her whole circumference completed, by means of a vivid 
but narrow and ill-defined border of light, which illuminated 
that part of her circumference that waa off the sun. He adds 
that it disappeared two or three minutes before the intemal 
contact, A similar phenomenon was witnessed during the same 
transit hy Wales and Dymond at Hudson's Bay, by Pingr6 
and De Fleiuien at Cape Francis, in the Island of St. Domingo, 
and by various other observers at different places," 

A little consideration will suggest the true cause of this 
appearance, and will show that its effect on the obsen'ation of 
internal contact cannot but seriously affect the accuracy of the 
timing. No light can show itself round the portion of Venus out- 
side the Bun, between the moments of exterior and interior con- 
tact, unless the planet has an atmosphere capable of refracting 
the solar rays ; but if the planet has such an atmosphere, the 
observed effect cannot but be produced. If we suppose an 
observer on Venus at a point, P, on the part of her limb most 
remote from sun — P not being the point which is seen from the 
earth at that part of the limb, but so placed that the true 
horizon-plane for an inhabitant of Venus there is parallel to 
the line from the observer on earth to the centre of Venus — 
then, if there were no atmosphere, an observer at P could see 
neither the sun nor the earth, at least not where the terrestrial 
ohaener is placed. The sun would be just below the true 
horizon of the observer on- Venus, and so would the observer on 
earth ; and a fortiori the ol^server on earth would not be able 
to see the sun round the part P of Venus. This part would be, 
as it were, the summit of a hill, from which the sun on one 
side and the earth on the other would he invisihle, and therefore 
invisible from each other. But if there is an atmosphere on 
Venus resembling our own atmosphere in its effects, the observer 
at P would see the sun raised by refraction above hia horizon, 
and the earth directly opposite niised considerably above the 
horizon — precisely as at the time of total lunar eclipse the 
observer on earth, if so placed that the eclipsed moon is appa- 
rently just above the horizon (really raised by refraction), can 
Bee the sun also directly opposite the moon, and raised wholly 
above the horizon. And as the line of sight from the observer 
at P to the sun on one side, and to the earth ou the other, is 
thus twice hent by refraction, so the line of sight from the 
observer on earth to P is curved douhly as it passes P, and the 
Bim is brought into that observer's range of view. The same is 
true for all points round the part of \'enu8*s limb outside the 
Sim, the atmosphere of Venus bringing greater and greater 
quantities of simlight round the dark limb the nearer the part 
of the limb is to the sun. Thus there is seen round the arc of 



Venus, outside tbe eim, a. ring whicb is not to be regarded at 
mere sunlight, but aa a diatorted image of the Bun himsell" 

The effect of this phenomenon in modi^ng the conditioWi 
under which internal contact is observed will be recognised ft* 
once. Observere were told to look for the moment when a UlM 
of sunlight suddenly made its way between tbe disc of Veni 
and the golar limb at ingress, or when the gradually narrowing 
line of sunlight was suddenly broken at egress. But here 
true sunlight bounding the disc of Venus long before true caa- 
tflct took place at ingress, and long afterwards at egress, 
that tbe time to be not«d was not that suddenly marked by tl 
formation or breaking ot a line of sunlight, but that wheo i 
sunligjt, bounding tho part of Venus outside the solar disc, w 
seen at ingress to become merged in tbe true outline of tbe ea 
or at egress just began to disturb that outline. The obserratii 
to be made was of precisely tbe same order as an observation 
external contact, and it had long been admitted that 
contact cannot t>e timed with suGBcient accuracy to siqqdj 
evidence available for determining the solar parallax. 

The very first news which reached us on the morning oi 
December 9 pointed to this difficulty, or rather to this clrcDiD" 
stance practically rendering contact observations untrustwortbj. 
We heard from the head of the English party in Egypt tli^ 
after internal contact had in reality been established at egreK, 
an arc of sunlight still remained visible around the part of 
Venus which was outside the sim ; and that the obserreri 
through waiting for this arc to break, lost the best cusp* 
measurements. Captain Tupman gives the following acooont 
of the phenomenon as observed at the stations where tl* 
transit began earliest of all, viz. the set of stations oa tiie 
Sandwich Isles : — " The important phase of the pbenomenon 
of internal contact presented wholly unexpected appeamwoi 
totally unlike what we had been led to anticipate. Fw 
many minutes before contact a faint light was seen bddiwl 
Venus, beyond the sun's limb, rendering the complete circle 
her disc visible. From that time until the establishment 
complete contact no sudden or definite phase could be 
upon, such as the practice with the working model induced 



*- This not on!; liappeaa when Veuus ia placed as described, bat whea b 
whale disc is off lh>! sim'e. I'rofesBor Karton has Men tUs whole ejicoU C 
Venus surruunded by a border of light at the time of inferiur coojimctia 
(vitbin trausit ). In such a case tLi> semicircular ace of light neuwt tl 
sua consists, !□ the main, of reflected sualigbt, end tlio remaining ox^ in ll 
nudn, of reCroctcd sunlight. 
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toiakh for. The eT€-«'bservations of contact, H . . 

prcwnl re^ts of extreme rnlue,^ Lieilt«9iant ISotte, at 1 
Mme Rtaiion, descrihea the pbcnomeoOB M Mlmn: — ^"Fnm 
tbout 10 min. of tlie time of ist.emal conlaet I kept liie tdb- 
•cope pointed on tbe sun's limk Whik tfaos wmu' ' 
Utooi^ied to see, moet distinctly, the din of tke | 
[ilete, and immediately asked Lieutensst Sbaketpar wlill liwi 
Kmained before coutacU He said a Uttle over 5 na&.* lb. 
Hichol, at Honolulu, writes : — ^"To iny a0tamAmtBBt I ■»» 
completion of light round the plsaet periectly dfatiDCt, ^li 
tuch as I should have said, from p rerioo i nedd eentatt, VBi 
inunediatel J after contact . I gat thia time l e BOw led aa the fiitt 
obeervation of contact by seeing tl>e ccMttinaoni ■uxov tead rf 
light. I remained looking at it sboot two lu iiiu t M, bat «edi 
tee no instantaneous phenomflioo of oootaet, aor Uaefc; JwfL* 
He supposed the peciiliaiity doe to Ugfat firom tke eabr «««■«: 
but, nnder the conditions of c' 
qoile untenable. We cannot n 
Uffltjoniiig that Mr. Nicho! recorded s li 
ttrlier than he did himself Captain Tt^ 
"there was nothing sudden to note^^ai 
■ "and the complete Bubmergence me » gndad, asfiae aMii 
^ai'e recorded ten seconds bef<»e I did, lad haw Inm fnikmlf 
quite as accurate. My first impKMioa «m [thai] amtk am 
"b^natioQ could not posses any vafaie. It 
^mllar in principle to baring to decide whe 
light terminates I bearing in roind, of conne, t 
to ^t the contact within a second or ao of tiaw." 

We can understand, then, the justice of the roaarfc ia Ifca 
recently issued " Report to tbe Bf^rd of YMton «f the ~ 
vich Observatory,** that wbile " tbere haa been Utde aaaof 
from tbe dreaded 'black drop'" (3Ir. Htoa^abqgfaearX ' 
inconvenience and doubt have been earned hf Utt 
luminous ring rotmd Venus;" thougfa wby the ; 
should have been unexpected, when MaafcrNne^ 
astronomer-rc^al, recorded it so dtstmeUj m 1709, ia Mk 
unexplained. A very small amoant of laboar crven to the 
examination of tbe records of foRaer tnoaite wouu bare pn- 
vented this well-known pbenomenoo Gram takiiq^ the obsemn 
bj nnprise ; or, perhaps better, would hart^ sogpatad that 
contact oheetratioos were liule likely to b^ <yf am. 

It may be well to supfdemcnt tbe above accoont by qootiiir 
tbe deacriptioo of the same phraonieooo aa seen at St. Paot^ 
Island, one of the " ittaccearible if not abaotntely nytbical 
isUoda' of oor Admixalty aotiioritiei, which tbe Freocfa (aoi 
uFually regaided aa more esKatially nautical tbas 




iiiiKilril IB *eeappxig.* Imnwdistelir after the first isAeaiir 
tiaa of the aas\ linb bad fccea otaerrad, 3f. >louche2 begao to 
■Wui. tl» ■*^'*^-~ tct««S tiic oo^K. '^ About a quarter of 

SB boK,'^ lie praoeeds, *'afies' tfae fiist ooDtaet, wbeo half llitr 
^■Dflt m idn 4MtB(fe tfae son, I perceived euddeoly Ute eotin 
■ii«r of TcBiH, iMinwl br s V^^ lulo, briglitfv Dear tlw ms 
than at tbe snmmit of dte filaaet" (that is, at the partronotat 
fro^ the sna'sedge^ " To make nre that I «a$ not under in 
fTT'^"" as regards thii iii>*him**iH phesomencm I iinraediatflT 
iCTeiau d the poeitkB-caKle of the laicnuDeter to 180°, mi 
iiHWiiul tlttt ^ntft^ of Yenosirhich was etill partly outside 
the Eon, and I fbimd it identical with the diameter perpendico* 
lar to the lines joinii^ the eenties; it was, therefore, reaJIj tbe 
entire wdl^lefined ^sc of the plaoet whidi 1 sav. But, in 
propoTtian as the seeond contact approached, the two extreme 
portifHis of the halo nearest the sun (aixl more dietioctl; sees] 
tended to unite, sununndiug the segment still exterior to th> 
nm with a bright^' light, and this too (xtrfy uiiicin {rfu.MM 
antkipee) of the cu?pa by a Itmiinous arc was rvodered still 
more perfect by a narrow border of very bright light boondiiig 
the aoreole on the disc of Venus. Foreseeing at once tlut 
there would be great difficulty in obsening the geometn*! 
contact, even if it would not be absolutely impossible, I quicklj 
changed the darkening glass of pale blue for one of deeper tint 
by means of which I hoped to eitingulsh this hnlo with iB 
accidental gleams {lueuTS tuxidenUUes), but it was nselesi: 
the halo still remaining visible, I was obliged to take tlie 
original darkening glass again. Under such circumstance. I 
had to take as the moment of contact, not the meeting of l^ 
two cusps, or the geometrical contact, but the momeat wlm 
the sun's disc do longer seemed disturbed by the bright U^ 
which enveloped the planet at the point of contact, I observed 
a very sensible time-diSerence between the moment when I 
believed the contact might have been C!^tablished and the mo- 
ment when Ifelt ohaolutely certain, that contact u-as establidied. 
.... The third contact was also observed under excdlcnt 
conditions, in very clear sky between clouds, with the aww 
phenumciiu as at the second contact, but in reverse order." 

It aeeds no elaliorate argument to show that this peouliiri^ 
must altogether prevent the observation of contacts with ft* 
degree of accuracy necessary to improve our estimate of tlw 
aun*B diNtance. With the improvement of telescopes the pb*" 

* At Buotlior of these mytliB (Oiimpbell Ikland] the French obMnvnIi' 
buii wrntliLT. uufurtunntcljr, during; tbc Iransit. But the 
bird mytli (Auckland lalftud), aiiw the whole Unnsit. 
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nomenon will only be bo much the more clearly recognised ; 
and it must be quite impossible to experiment ou thia pheno- 
menon as on the " black drop," seeing that we cannot represent 
hj a model the action of an atmosphere whose real extent and 
refractive power are unknown to us. 

Nor can photography be of any use in this matter ; for the 
more perfect tlie photographic arrangements, the more exactly 
will the optical difficulty be reproduced. Indeed, in the pho- 
tographic records of contact, during the recent transit, a pecu- 
liarity appears, which seems, of itself, to introduce an abso- 
lutely insuperable difficulty. It would seem that the sim, which 
photographs itself, is aUghtly larger than the sun we see ; in 
other words, that the gaseous matter of the sun emits light- 
waves, producing that form of chemical action on which photo- 
graphy depends, from layers extending to a greater height than 
those which emit light-waves recognisable by the eye in full 
sunlight. Janssen, at least, adopts this interpretation of the 
fact, that at ingress, as observed at Nagasaki, the planet appeared 
still attached to the solar limb, while the photographs taken, 
second by second, showed Venus already somewhat advanced 
on the sun's disc. It matters, in truth, very little whether this 
explanation ia correct or not, seeing tliat the observed fact, 
however explained, indicates a discrepancy between the optical 
and the photographic records of contact which must prevent 
our placing reliance on eitber. 

If we abandon contact observations, hut one resource seems 
to be left. It is manifest that all methods have for their real 
object the determination of the chord of transit followed by 
Venus, as seen from different stations. When reliance was 
placed on Halley's method, for instance, although the element 
observed was the duration of transit, the element deduced was 
the length — and with the length the position — of the chord of 
transit. ^Vhen reliance was placed on Delisle's method, the ele- 
ment observed was the epoch either of ingress or egress ; but the 
element deduced was the ■position of the ingress or egress end 
of the chord of transit, and therefore of that chord itself. The 
great difficulty in alt other methods of determining the position 
of the chord of transit resides in the fact that the exact position 
of Venus on the sun's disc {not merely her distance from the 
centre, but her bearing from the centre, referred to some fixed 
line on the sun's disc,) must be determined for a precisely- 
timed moment. So that a double difficuhy is introduced ; first, 
the observations necessary to determine Venus's position require 
time ; secondly, the exact longitude of the station should be 
Icnown with as great acciu^ey aa for Delisle's method. But the 
aitral part of the chord of transit — the part, namely, where the 
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planet maJtes its nearest approach to the sun's centre — has thil 
advantage over tbe other parts : the planet's distance changet 
80 slowly as it is passing this portion, that an error nf a few 
secMinda would be comparatively of small importance. Mortover, 
this part of the chord is the most important becaase the dis- 
tance of the chord from the sun's centre is what ia really 
required. Now, setting aside the heliometric method, by whidi 
it was hoped that the distance of Venus from tlie sun's centre 
might be accurately determined, photography promised a 
of indicating the required element very satisfactorily, because A 
solar photograph is secured in the fraction of a second, 
ample means exist for indicating the precise instant at which 
each photograph Is taken. 

In a paper, the geometrical principles indicated in which 
were professedly adopted by Government astronomers jn tbt 
choice of stations for photographing the late transit, I showed 
how the difficulty of indicating the exact angle of posituni of 
the line joining the centres of the disc might be obviated, and 
everything made to depend on the measurement of the distance 
between the centres, assiumng the longitude of tbe station 
known, and the exact instant of each photographic record 
assigned. It did not seem to me necessary to point out that, 
as the time of mid-transit drew near, the effect of puy tinw- 
error (whether in the indication of the instant of expoeure^ or 
in the determination of the longitude of the station) would be 
diminished ; for this is a fact, not only obvious iu itself, bat 
taken for granted in the discussion of tlie whole matter \xj aO 
who have considered the geometrical relations involved. So 
.that I took it as self-evident that mid-transit was the time 
when photographic records for determining the chord of txannl 
would have greatest value. And it was easy to percei^-e thai, 
in some cases, it might be advantageous to select statioiUi 
either solely or chiefly with reference to the important pbaM 
of mid-transit ; in other words, to select stations where ncdtlMr 
the beginning nor the end of transit coiild be phuto^vphed 
under favourable conditions, but where the middle of tnaail 
would be most advantageously observable, Howe\er, when ihis 
obvious particular case of tbe general theory I had dealt with 
was pointed out by Mr. E. L. Crarbett, I presented tho 8U^«9- 
tion as though it contained somewhat of novelty, not caring it 
that time to show how completely it was included in thog«nasl 
reasoning advanced by Colonel Tennant, Dr. De la Roe, ami, 
more fully, by myself.* On the occasion of the late transit only 

* Nor shonld I now call attention lo tli* point but that tbe special 
liBDlm adopted by Mr. Gorbctt tar what, in reality, wm 
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• ■lie statinn was specially suited for mid -transit photograpliy — 
' ;i]te Tuvfii. Thiiiif;h Natal would Lave been worth occupying, 
ipe Town wad euperiur to every other Bouthern station for tbi» 
LrLicular piirptiiie. But somehow the euggestion that photo- 
^ r-.i|ihs frhoiild be secured there waa overlooked, and a new cause: 
t.if regret added t« several which will be recognised by those 
who cum« after us as thoy scan the history of tlie late transit. 

But in 18S2 this metliod — the mid-tranttit photographic' 
mt»t.hod — will be the one on which, I ventm-e to predict, chief 
reliance will be placed. Owing to the long duration of that 
transit (exceeding, by two hours, the duration of the recent 
trun^it), it will be impossible to tiud any pairs of etationa, 
northern and southern, at each of which the whole transit will 
be favoiuaUy seen. This will he manifest from li^. 1 and 2, 
showing the &ce of the earth, turned sunwards, at the begin- 
ning and «uid of the transit of ISS'2. It will be seen that, 
thon^^h the dotted stations in the north will be well placed 
tltrougliout tile transit, there are no southern stations well 
placed for botli the beginning and end. For to be well placed 
they ought to be at once near A of lig. 1, and near D of tig. 2 ; 
and these two points (owing to the long duration of the transit) 
are far ^lart on the earth's surface. The points marked 1 and 
2 are thtme best placed in a geometrical sense ; and these were 
indicated, eleven years ago, by the Astronomer lloyal, as points 
one or other of which ought to be occupied by Great Britain in 
1 882. But apart altogether from the difficulty of oocupyiog 
tliisse stations on the antarctic continent, they are neither of 
them wrtl suited for observing both the beginning and end of 
transit; the sun l>eing very low at both stations at the begin- 
ning of transit, and at one of them at the end of transit also. 
.So far, tben, as tlie older methods of otiserving transits are con- 
cerned, the transit of 1882 can only be observed by Delisle's 
method. But we have seen that contact observations cannot be 
relied uptm for improving our knowledge of the sun's distance. 
And if they could not be relied upon for that purpose now, 
still less can they be relied upon in 1882, before which time 
astronomers will have secured valuable determinations of the 
sun's distance from observations of the planet JMars, during the 
aiagularly &vourabIe opposition of 1877.' 

But mid-transit can be advantageously recorded by photo- 

geDeroaiiy, ctuiulul in deDuoriatiuns addreased to me for overlooking the 
point which L«d Kpp«iirMl tu myueU aud others too obrious fur special 

* It may well be hoped ihnt Blelljr photogr«pli_v will be employed to 
' btaiu ivcurda of the posilion of Mars aninng the atHiB on thai oc<.«aiou. Thi« 
incihod SBeinf to promise bottet t«aulld than (my other yet applied, 
].r<«ent »TaiUUe. 
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graphic appliances in 1882, if only suitable southern stal 
can be occupied for the purpose : and, as no other metbi 
available, except the demonstrably untrustworthy Delielean 
thod, we can scarcely doubt< that an effort will he made b] 
flcientitic natione to overcome the difficulties which will 
tainly present themselveB in the search for and occupatii 
stations in the aouthem hemisphere. The nature of t 
difficulties will be at once recognised from fig. 3, which si 
where are the best btations of all. It will be seen that it 




northern hemisphere there will be an enormous exten' 
land-surface where the parallactic difiplacement will be g 
(exceeding half the maximum at atalions on the northern 
iif the northern line, marked 5), and the solar elevatJon t 
cient (eiceeding 20° at slations within the drclr marked tl 
Rut the corresponding southern rej^ion is, in the geo^pb 
sense, most unfavourably placed. It is indeed prtc)i>dr io 
heart of this region that the title is phuwd, id M«rail 
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chiuts, because of the absence of any known islands in that part 
of the South Pacific Ocean. 

And there will be this further difficulty in 1882. On the 
(fccasion of the late transit the Americans, finding that no part 
of the trausit would be visible from their own territory, appear 
to have considered it their natural and obvious duty to occupy 
stations in Siberia, Japan, the sub-antarctic ocean, and other 
places, where we in England were assured that no stations 
wmdfl be, and that no stations could be occupied. But in 1882 
the whole transit being most favourably observable from the 
whole of the United States, it seems not unlikely that our 
Transatlantic cousins will consider it their part to keep their 
astronomers at home, leaving to other nations the task of find- 
ing suitable southern stations. I hesitate to say that this 
will l>e their view of the matter, for it is difficult to reckon on 
considerations of that kind where Americans are concerned. 
One might have thought, that after observing the eclipse of 
1869 at a hundred stations in the United States, American 
astronomers would have been content to leave the observations 
of the Mediterranean eclipse of 1870 to European astronomers, 
But, in point of fact, they did nothing of the kind ; but, with 
a per\-er8ity which cannot be too strongly reprehended (at least 
by all who admire our laiaaer aUer system J, they insisted not 
only on sending over astronomers, but on positively inviting 
English astronomers (finding we had made no arrangements for 
obeer^ing the eclipse) to sail with their expedition to inac- 
cessible Mediterranean regions. However, supposing that in 
1882 the attractions of the transit, as observable at home, 
should prevent Americans from visiting the southern hemi- 
sphere in great strength, the duty will fall on Emopean 
nations. Germany and France may then, as last December, 
occupy three or four southern myths. But three or four will 
Bot be enough. England will be almost bound to share in the 
work. 

Then arises the question, Where is England to send her 
observers in those southern seas ? Unless new islands can be 
discovered there, no positions worthy of her ancient fame will 
remain for her to occupy, save precisely tbose antarctic islands 
which were described, in 1868, by one naval authority after 
another, as accessible, tenable, and suitable, but, unfortunately, 
by the same authorities, in 1873, as inaccessible, untenable, 
and unsuitable. Assuming, as we may not unreasonably do, 
tliat the later description meant only that it would cost more 
time, trouble, and money to occupy these regions than any 
conceivable astronomical result could repay, we are brought 
back to the considerations which were urged by the Astronomer 
Koyal as long ago as 1865, in order to bring schemes of ant- 
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aictic explorations favouraljly before the notice of jjeographen 
iind naval authorities. With these considerationB I shall con- 
clude; merely remarking;, that whatever force his views had 
when presented, they have greatly increased force now that an 
arctic e;cpedition is in progress, the value of the results obtained 
by which would be ^ more than doubled by a suceessful ant- 
arctic expedition following close upon the succcaeful iaaue of 
that which has lately set forth. " I have learned," he wriit« to 
the President of the Geographical Society, " through the public 
papers, the tenor of late diecussions at the Royal Geogra[^ical 
f^ociety in reference to a proposal for an expedition towards the 
North Pole. I gather from these that the object proposed, u 
liearing on science, is not so much specific as general ; that 
there is no single point of very great importance to be obtained, 
but a number of co-ordinate objects whose aggregate would be 
valuable. And I conclude that tho field is still open for another 
proposal, which would give opportunity for the determiuatiun 
of varioiia results, corresponding in kind and imjiurtani 
those of the proposed Northern Expedition, though in a diETerent 
hHsality, and would also give information on a point of great 
importance to astronomy, which must be sought within a few 
years, and which it is desirable to obtain as early as posubte. 
In the year 1882, on December 6, a transit of Venus over the 
sun's disc will occur — the most favourable of all phenomena for 
solution of the noble problem of determining the sun's distaoe* 
from the earth, provided that proper stations for the obeena- 
tion can be found. (It will be rememberecl that it was for the 
same purpose that the most celebrated of all tho British scien- 
tific expeditions, namely, that of Captain Cook to Otaheite in 
1769, was undertaken.) For the northern stations there will 
l»e no difficulty ; they will be on the Atlantic seaboard of 
North America, or at Bermuda : all very favourdble and ray 
accessible. For the southern stations tlie selection is not w 
easy ; the observation must Ix? made on the Antarctic Continentt 
if proper localities can be foimd there; and if the circumstanrei 
of weather, <&c., aie favourable, the determination will be excel- 
lent ; if those ^vourable circiunstances do not bold, no u* 
whatever can be made of the transit. Tlie astronomical objert 
(if a southern expedition is, I trust, sufficiently eip|ain«l. In 
the event of such an exjiedition being undertiikeu, the prwist 
determinations which I liave indicated as bearing un tbe a*tnr 
nomical question must (from the nature of the case) ub 
precedence of all others. But there would be no ditBcullTii 
combining with them any otlier inquiries, of geography, geolaf^ 
hydrography, magnetism, meteorology, natural histgry^ ot 
ntluT subject for which the localities are suitable. ' *^ 
now to reijuesl that you will have the kiudneas to 
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these remarks to the Royal (xeographical Society, and to take 
the sense of the Society on the question, whether it is not desir- 
able, if other scientific bodies should co-operate, that a represen- 
tation be made by the Royal Geographical Society to Her 
Majesty's Grovemment on the advantage of making such a 
reconnaissance of the Southern Continent as I have proposed ; 
primarily in the interest of astronomy (referring to my oflScial 
responsibility for the importance of the examination at this 
special time) : but conjointly with that, in the interests, per- 
haps ultimately more important, of geography and other sciences 
usually promoted by the Royal Geographical Society.'' 



WAS MAN A CONTEMPORARY OF THE MAMMOTH? 
Br JAMES D. DANA. 



THE evidence of the contemporaneity of Man and varioiw 
extinct Quaternary Mammuls in Europe and Great Britaio 
is complete : that is, it is beyond reasonable doubt or queslioD : 
for ( 1 ) it has been gathered with great care by the best <il 
{geological observers; (2) it has been verified through the re- 
examinations of reported cases by other able geologists ; and (3) 
it has been further verified by the special investigations of twn* 
mitteea of scientific societies. 

The North American lacts thus far announced have not, nn- 
fortunately, the same broad basis for confidence. 

Among the earlier of the reported discoveries are the two In 
Missouri, brought out by Dr. Koch. The account of them hw 
often been cited by writers on the subject j and Mr. J. ^ - 
Foster, in his " Pre-Historic Races of the United Stut<!i ff 
America," prefixes to the citation the remark that Dr. Kocli, »* 
au interview with him, during the last year of his life, assure*! 
)iim, " in the most solemn and emphatic manner, that bis HtAti^' 
ruent WHS true." Mr. Foster also observes that "todenytlie 
acciu^cy of his statement is to ai'cuse him of having attempts 
to perpetrate a scientific fraud"— a decision not sutitjiined I'J 
Ihe ordinary nJes or treatment of evidence; for scienc*?!)*' 
constantly to guard itself against the assertions of men whosrr 
honest, but are not experienced in scientific investigation, <^ 
in all such cases rightly asks for corroborating testimony. How 
over Dr. Koch's statement of his facts may lie true, aodfltiU 
his conclusion as to their proving the contemponuieity of Ml" 
and the Mastodon in North America be wrong. 

The question which American Science should carefully con- 
sider — as carefully and guardedly as has been done for dlniil" 
cases in Europe — is, whether Dr. Koch was a compc^lont <'^ 
server, and whether his observations are a sufficient bam* ^ 
the conclusion that has been drawn from them. 

I have before me four pamphlets by Dr. Koch, dated wvw*"? 
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41, 1843, 1S45, and 1853. Tliey relate to his discoveries in 
.8 couniry— the first two nf them to hii Mittnourlint), and the 
lers to bis Hydrarckos, or, as these puhlications call it, bis 
fdrargoe, or species ol" Hydracheti. The following are copies 
their title-pages, commeDciug with the earliest : 

' Description of the MiBsourium, or Missouri Leviathan, to- 
gtiUier with ite supposed habits ; Indian traditions con- 
cerning the location from whence it was exhumed ; also, 
comparisons of the Whale, Crocodile, and Missourium 
with the Leviathan, as described in the 4lBt Chapter of 
the Bookof Job; by AlbertKoch. 16pp. 8vo. St. Louis, 
1841. [1840 on the cover, indicating that the copy is 
from a second edition.] 

"Description of tlieMissourium Theristocaulodon (Koch), or 
Missouri Leviathan (Leviathan Missoiiriensis), together 
with its supposed habits and Indian traditions ; also, com- 
parisons of the Whale, Crocodile and Missourium with the 
Leviathan, as described in the 41st Chapter of the Book of 
Job; by Albert Koch. Fifth edition, enlarged. 2"* pp. 
8vo. Dublin, 1843. [A "third edition" of 24 pages ap- 
peared in London in 1841.] 

"Hydragos, or Great Sea tSerpent of Alabama, 114 feet in 
length, 7,500 lbs. weight, now exhibiting at the Apollo 
Salt>un, 410 Broadway. Admittance 25 cents. — Description 
of the UydrargoB Sillimanii (Koch). A gigantic fossil 
Keptile, or Sea Serpent : lately discovered by the author in 
the State of Alabama, March, 1845. Together with some 
geological observations made on different formations of the 
rocks during a geological tour through the Eastern, West«rn 
and Southern parts of the United States, in the years 1844 - 
1845 ; by Doctor Albert C. Koch, Corresponding Member 
of the Societies of Halle, and of Dresden, &c. 16 pp. 8vo. 
New York, 1845. [Following this, Dr. Koch published at 
Berlin, in 1845, a book of 99 pages, with eight plates, 
entitl«l ' Die Riesenthiere d. Urwelt,' giving an account 
of his Mastodontoid discoveries in America.] 

>' Description of the family of Animals now extinct, but 
known to the scientific world under the appellation of Hy- 
drachen;' these animals, when living, were the most gi- 
gantic, powerful and horrible beasts of prey that ever ruled 
over and spread terror through the primitive Oceans ; also 

• In this eh*n^ or DBine from Hydarchos, tlie Water-Chief (the «ug- 
■tioD, no doubt, of soHiH friend, iinco he never wrote it right), to Hydra- 
m, • word that looks as if nmda up from the (ireek word for maler uid 
a Oennui for drai/un. Dr. Kuch evidsntiy inlBnded to adopt MiillerV 
inuan term fiir the family, Ili/draiv/ien. 
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an account of the diBcovery of the Zeuglodon Macraspol 
dylus of lliiller, and of the remains of Hydnurben 
general : by Dr. Albert Koch, Corresponiliun Member 
various Scientific Societies. 12 pp. 8vo, \ew Orleu 

issa." 

Thejirtit oFlhesepamphletAwaaprinted wbeo tbeMtaeonritu 
-was on exhibition at St. Louis in 1840-41 ; the Bfcond, -wba 
the skeleton was in Ireland, it having been taken to London ' 
1841 ; the third, when Dr. Koch's first collection of Zeuglodo 
remains was arranged and on exhibition as the •• Hyilrargo* " i 
New York ; the/ovrth, after his first Zeuglodon collection li» 
been carried (in 1845) to Europe, and purchased (in I847)ft 
the Royal Anatomical Museum at Berlin {where it was studtN 
by Miiller); and after another " Hydrargoe" had been ohtaiDM 
by Dr. Koch (in 1848), in the vicinity of " Waebington (Hi 
Court Houee, Washington Co., Alabama," and had Ihwd tr«n# 
ported (1) to Dresden (where, through "eight months' fiiithfii 
labour," it was set up by May 6, 1849), and alfo (2) to Bre«Uii 
(3) to Vienna (1850). and (4) to Prague, and at each plsw . 
on exhibition; but not to Mimicb, because "the only mbtoi 
disposable was too small for tlie exhibition ; " and. finallj. ini 
m me back to iti native countiy, " after it had establiBhcil 
just fame in Europe " as one of the " Hydrachen," and been put 
on exhibition in New Orleans.* 

Still other accoimts of earlier date are at hand in " Sill. Atn0r< 
Journal,' vols, xxivj. and xxxvii.of 1839 ; the_^rs( (vnl.zistit 
p. 198) cited from a newspaper article of January 1839, wbiA 
was evidently written by Dr. Koch (then Mr., tlie title of Doctor 
appearing first in 1845); the eecoTid (vol. xxivii,, p. lE^Ih 
signed " A. Koch, proprietor of the St. Louis Museum." ■ml 
credited to the "St. fjouis Com. Bulletin" of June 25, 1839. 

Further, a note on the bones at St. I^ouis collected by Mt- 
Koch was presented to the Americim Philosophical Society. '* 
October, 1840, by Dr. W. E. Homer, and an abstract firom lb" 
Proceedings of that Society is cited in vol. xl. (1841). 

It is evident from these documents that Dr. Koch was a n*'* 
of enterprise, " an indefatigable collector." The credit is *^ 
due to him of having performed a great service to science bjf 1" 
collections; for these included one of the best skeleton* of l** 
Mastodon that has been unearthed, and two nearly 



* ThesheletoD wns on eihibiUon in St. Louis as ewly u laU! or ISCA." 
■titled in " Sill. Anivr. Journal." II., xxi., p. 140, IbM ; »m then. W I IV 
^m Dr. Litpbam, sold to the Mii»eum (Curiotitv-Bhop) ; Mtd tbcnM, 

iken ti> Wood's Muaeum in Cblcsgo, where it ended iu reniartmbl* (■'*'' 

ktlie^Bt fire of 1871. 
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:eIetoT)B of ZeiiglodoD, besides portions of other Mastodou and 
iglodoD individuals. Dr. Koch's *' St. Louis Museum " con- 
led, in 1840, according to Dr. Homer, "two hundred or 
'more teeth of the Mastodon and American Elephant, a dozen or 
more lower jaws of the Mastodon, vrith very numerous specimens 
of other parts of the head and skeleton generally, though no 
perfect head ; "' " the skeleton nearly complete of a Mastodon ; " 
and, besides, " the head of an animal which Mr. Kuch calls non- 
descript," wliich Dr. Homer thought to be that of a MastadoD, 
and another interesting Mastodon relic, " denomina,ted by tin 
proprietor (Dr. Koch) M!»soiiriii7ti Kockii." 

The two cases of the discovery of human remains along with 
lose of the Mastodon, mentioned by Dr. Koch, are described 
the pamphlets published in London and elsewhere abroad ; 
the "Transactions of the St. Louis Academy," vol. i. p. 6!, 
1857 ; and t\ie Jtrst of the cases at an earlier date in a news- 
paper article of January 1839, cited in vol. ixxvi. of "Hilliuaan's 
American Journal" (1839), This earliest account was written 
by Dr. Koch himself, the discoverer, for it is alt in the _lir«t 
person ; and, as it appeared within a few months of the discovery, 
it best deserves citation. It is therefore here republished, and 
after it. that of the second case, from the pamphlet of 1843. 

I. '* It is with the greatest pleasure the writer of this article 
can Btat«, from personal knowledge, that one of the largest of 
these animals has actually been stoned and burned by Indians, 
as appears &om implements found among the ashes, cinders, 
and half burned wood and bones of the animal. The circum- 
stances are as follows : 

" A farmer in Gasconade County, Missouri, lat. ZS' 20' N., Ion. 
92° W,. wished to improve his spring, and in doing so, discovered, 
about five feet beneath the surface, a part of the Iraclc and hip 
bone. Of this I was informed by Mr. Wa*h (Walsh in pamphlet 
of 1843): and not doubting but the whole, or nearly the whole 
skeleton might be discovered, I went there and found ae had 
been stated, also a knife made of stone. I immediatt'ly eom- 
raeuced opening a much larger space ; the first layer of earth 
was a vegetable mould, then a blue clay, then sand and blue 
clay. I foimd a large quantity of pieces of rocks, weighing from 
two to twenty-five pounds each, evidently thrown there with the 
intention of hitting eome object. It is necessary to remark, 
that not the least sign of rocks or gravel is to be found nearer 
than from four to five hundred yards; and that these pieces were 
broken from larger rocks, and consequently carritxi here for some 
express purpose. After passing through these rocks. I came to 
a layer of vegetable mould ; on the surface of this was found 
the first blue bone, with this a spear and aie ; the spear corr^ 
■ponds precisely with our couudqd Indian spear, the axe ii 
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different from any one I have seen. Also on Ihia eartb wm 
ashes, nearly from six inches tx) one foot in depth, intermiipJ 
with burned wood and burned bones, broken spears, axes, kniii?^. 
&c. The fire appeared to Ita^e been the largest on the he»A 
and neck of the animal, as the ashes and coals were much deeper 
here than on the rest of the body ; the skull was quite perfect, 
but so much burned that it crumbled to dust on the least 
touch ; two feet from this was found two teeth broken off from 
the jaw, but masbed entirely to pieces. By putting them to- 
gether they showed the animal to have been much larger tbu 
any heretofore discovered. 

" It appeared by the situation of the skeleton that the animtl 
had been sunk with its hind feet in the mud and water, xai 
unable to extricate itself, had fallen on its right side, antl In 
that situation was found and killed as above described; conw 
qiiently the hind and fore foot on the right side was sunk deeprt 
in the mud, and thereby saved from the effects of the fiw; 
therefore I was able to preserve the whole of the hiud footw 
the very last joint, and the fore foot all but some few small l»n«, 
that were too much decayed to be worth saving. Also l>L'tweifli 
the rocks that had simk through the ashes was found hrgi 
pieces of skin, that appeared like fresb tanned sole-leather, 
strongly impregnated with the ley from the ashes, and a greiit 
many of the sinews and arteries were plain to he seftn on the 
earth and rocks, but in such a state as not to be moved, except- 
ing in small pieces, the size of a hand, which are now prefwrved 
in spirits. 

"Should any doubts arise in the mind of the reader, of the 
correctness of the above statement, he can be referre<l tn more 
than twenty witnesses, who were present at the time of digging." 
—SiU. Am^. Journal-, 1839, xsxvi. p. 198. 

The statements respecting this discovery in the pamphlet of 
1843 agree in the main with the above. There is the additional 
information that the excavation took place in Octolter 1838, 
and that the locality was within 300 yards of the Biirboii 
(rightly Bourbeuse) River; but nothing is said of the " large 
pieces of skin that appeared like fresh tanne<l sole-leatbw 
Btrongly impregnated with the ley from the ashes,"" 
sinews and arteries" that " were plainly to be seen on the 

I and rocks," portions of " which are now preserved in spiril 
If. "The second trace of human existence with these 
I found during the excavation of the Missourium. 
embedded, immediately under the femur or hind leg bone 
this animal, an arrow-head of rose-coloured flint, resembling 
those used by the American Indians, but of a hirger size. Tbi^. 
Ku the only arrow-head immediately with the skelf 
Ha same strata, at a distance of live or six feet, ' 
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direction, four moie aircwr hemdt vere foimd: Thr&t of 
were of the same formation ae tbe prooodznf : Tike icvnrti m of 
very rude workmanship. Ont oi liie }asi menniatac tiii»<: m 
of agate, the othen of blue ffint. The^t wer^m^hBae^ bj» iiid»- 
putably the work ci human handL I ftannrmd Uie os^iiiBn Ui 
which they were embedded, and axBod ijiem iin uf 'Uter *mr- 
bedment with mv own faaiMk. 

^' The original stiatom on vineh tidf ifT-e- fi'.»«i»c k *iie' umK* 
it was inhabited bv the MiaKrazima T^terxsucnAudLiL auc mr 
to the time of its destmction u vat cf Uie xi^w? s^^sol wmtL. 
On the sur£au!e of this sciaxnm. and par^r iLix^pt»c v::«ii ai. 
was the deposit of the befcre-^ieiicnbcyd £k««*&'jiu Tut n^xi 
stratum is frcMn three to four feei iii u^ekitfoft. utd eubsic^ i^ 
ei brown alluTium of the Eoecbe Tf&Xi, laA "Kitf wm.ym' X vif 
v^etable matters of a tropical pirMi'jcti-:a : i: inincjk^M^ kl ijue 
remainder of the skeleton. 

^^ Most of these vegetables vere izi a rrtan fiur.^ uf 3r%)«»r7-ir;iuu 
and consisted of a large qoantitT jji rrjir*:» vur». i^v^ vmz 
bark, tropical cane, ferns, palnk^ttifr iat-»w «fi<*TaI c*uiiq# '.<!f 
trees, and even the greater part fA a &yver :^ *Jite 4rr»{:xxa lUfatA. 
which, when destroyed, wa^ eka fuH iuyvr* Ti«!r^ vi^ i«\ ^jgx 
or indication of any veiT lai^ tPBc*. tbt. «75r*a(w» "uiar »*c» 
discovered being the largest licax T<»x«r ^rwtajz tf^ '^^ vji*^. 
These various matten had ieen t»>?:b i=p 17 'jmx: z^jrxjk toit 
twisted and split into a thofuaDd p»»«s. appu^n.'^ :.v .:4Enra.,af^ 
combined with a tiemeodooi tempeaK or v.nai^'^ : sui ^ v-^r^^ 
involved in one common rmn. Several T>£3e» vtf irya ^tiv* nsn 
through this stratum. 

^^ The next over thLs formation wkjk a jar^ "/ wu^>^ vjx^ 'A 
the Eocene region, also with iron pyrivsi : r: w« 'r.r^ iw^ ;:i 
thickness. C>ver this was a laver *A tfxjzyjojunffj:^ fr-ai a-ny- • > 
eighteen inches in thickness ; over thLt a iaj^r 0^ xarl -/ *r>^ 
Pliocene region, from three to fonr <»f* ia tf.>ici*»s» : r..^* % 
second conglomerate, from nine toeijsiit<«c nL«r>^ ;:« v.>tz.v^9Vi; 
this was succeeded by a layer of yelivw t-Aj ^A "m K^-,-t«^ri-e : 
over this a third layer of eonglonMratie:. from niis*^ v, *i/::.V:*^, 
inches in thickness ; and at la^ th« pr'^sKrtit ^r^rf^^^. ^>!>;.«rbr»-^ 
of a delta, or alluvial depodt, fonn^ by th* hv*r, '^'yii^i.*ftT,jf ',r 
brownish clay, mingled with a few p^bcir^ aiui r:i^^^^^ -m.rr, 
large oak, maple and elm trees, which wer*. a«9 n«ir a^ I Ci-**...: 
ascertain, firom 80 to 100 years old. In th-* c^iTitre --/f r:ir>»: Arx>v-^- 
mentioned deposit was a large spring which affC^^red *o r,*>f'. 
from the very bowels of the earth, a^ it was ri^v^r ajf»>cr>^l r>v 
the severest rain, nor did it become lower r>y r\^ V>Xi^^** 
drought.'' — Dr. KocK» Pamptdetof IHAX, page<i \Z. U and 27. 

The first question before us is : Whether the ^»b%eTval\crtk^ ^J^A 
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concliiaions in the above statements may he accepted witli con- 
Bdence because made hy a geologist, or a man of Bcientifie 
training ? 

f the second case above cited. Dr. Koch saya 
L was embedded in ^' a brown alluvium of 
resting on the '* upper green sand ; " that 
IS plastic clay of " the Eocene region " and 
ae rogion." He thus makes his Missourium 
to have come from the I^wer Tertiary, and from a bed just 
above the upper greeo sand (Cretaceous), when actually from 
Quartenary beds; and he uses the term Eocene and Pliocene 
ax if he had no familiarity with geological facts or language. 
The earlier pamphlet of 1840 avoids this bad geology, the 
" upper green sand " in that being called simply quicksand, and 
the other beds merely beds of clay and conglomerate. All the 
pamphlets sustain the conclusiun that. Dr. Kocti knew almost 
nothing of geology, and that what he gradually picked up from 
intercourse with geologists he generally maile much of, but sel- 
dom was able to use rightly. 

In zoological knowledge he was equally delieient. The 
count of the Missourium, in the pamplJet of 1841, recognises a 
resemblance to the Mastodon and Elephant ; but, notwithstand- 
ing this, it says that "his feet were webbed;" that he had 
*' been without dnuht an inhabitant of water-courses iiuch 
large rivers and lakes," as his webbed feet, solid bones without 
marrow, short and thick lege, flat and broad tail, ic, proved 
that his curving tusks, 10 feet in length, " were carried by him 
almost horizontally [as represented on the cover of the pamphlet 
of 1843], 80 that it would be impossible for him to exist in a 
timbered country;" that his food (the teeth having before been 
described rightly as eight in number, "four upper and (our 
lower") ''consisted as much of vegetables as flesh, alt)ioii^> lie 
midoubtedly consumed a great abundance of the Ia( t«r ; " that 
he*'w<w capiilile of feeding himself with kin forefoot, afUf 
the tiuinnfr of the benver or otter;'^ and that he "possessed, ahw, 
like the hippopotamus, the faculty of walking on the bottom of 
waters, and rose occasionally to take air ; " that " the singular 
position of the tusks * has been wisely adapted by the Creator 
for the protection of the body from the many injuries to which 
it would he exposed while swimming or walking imder water: 
that it appears that the animal was covered with the same 
armour as the alligator, or perhaps the megatherium." 

* The position which ODe nhtiiiced to be In when the MiHouriQin w«» 

eiuRied. Id the newapappr Brticle b; Mr. Koch, cited in " SitL Amer. Jour." 

^. 101. vol. xxxvii., ■ Miuttudnn ii repnrted n* haTing bnsn found witb tli* 

*k in thia position, and Koch'g " Missourium " i« menlloDMi m k lioa- 

leript animal the liead of which lie found n«ar the Mme placo. 
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Later in the pamphlet be goes on with his conclitsions, and 
says: *' After faanng examined this xiibject in all it« bearings, 
I have cume to the concIuBion tbat tbe UvitUhan — described in 
the 4lHt. Chapter of the Book of Job — is none other than the 
Misaourium here described, and from tbis time I shall call it the 
Mi«touH Leviathan {LevUtthnn Mln'^uHi).^ 

Neit follows a comparison with the account of Job, taking 
up the several verses in order. On the first, " (.'nnsf thou draw 
out Leriatban with a book?" he says: "The Missouriim], as I 
have described, was a creature of enormous mafrnitude, ferocity, 
and strength, as well as fleetness in swimming : and by reason 
of his great weight and strength could attack the largest ani- 
mals with impunity and overcome them with case; nor is it 
probable tbat any combination of human force was able to draw 
him out of his native element." The sentence ■' Who can come 
to him with his double bridle ?" has the following exposition : 
"The tusks coming out of the bead until flicy arrive at a 
parallel with the nose, then turning suddenly back and foi'miug 
a semicircle round the head (like a shield to prevent anything 
from approaching it), and measuring from point to point in 
a straight line over the head 15 feet ; it can t>e seen al onco 
}u>w utterly futile would be any attempt to cast a bridle over 
" " m." 

Dr. Koch closes this exposition and his pamphlet with a para- 
graph explaining how the " Leviathan, which is described an 
being an inhabitant of Asia, came to be found in the extreme 
west of the globe." 

The Dublin pamphlet of 1843 shows some gain in knowledge; 
but the author still holds that the Missourium was not solely 
herbivorous ; that its tusks curved outwards horizontally : that 
it "waded frequently at the bottoms of the former gigantic 
rivers and lakes of the west ; " that " the ribs resembled more 
those of the lieptilia than those of the quadrupeds, being situ- 
ated lialf reversed in tlie body [Dr. Koch's misplacement of 
them] ; that is, the lower edge of the rib l>ends in towards the 
intestines, and the upper edge out towards the skin " (as stated 
<Uao in the pamphlet of 1840); and he ends with the same 
detailed "comparison of the Leviathan with the Missourium," 
and the same explanation of how such an Asiatic inhabitant 
came to be found " in the extreme west of the glolx*." 

Now this web-footed aquatic animal, capable of feeding 1dm- 
self with his forefoot, was no other than the A'nterican, Manto- 
flon, whose forefeet were as good for putting food into its 
mouth, or picking its teeth, as any elephant's, llie specimen 
taken to England, in 1841, as the Missourium, and which Pro- 
ir Owen says was " well-known to tlie public as the Mingouri 
\ha7t, when exhibited with a most grotesi^uety distorted 
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and exaggerated collection of the bones in 1842 and 18 13 in 
the Egyptian Hall, Piccadilly," is now (1846), he adds,* an 
almost complete skeleton of " the Mastodon ffigantfim, mounted 
in strict accordance with its natural proportions in the firitisb 
MHseiim ; " and a representation of it, copied from Owen, iithe 
figure of the Mastodon on page 566 of the writer's ' Manual of 
Geology.' 

It in pretty plain that Dr. Koch had not been trained to BcieD- 
tific invei^tigation. This is equally obvious from his two pampb- 
lets on the " Hydr&i'gos." 

(1) The skeleton exhibited in New York in 1845, andd©- 
Bcribed in the pamphlet of that date, was 114 feet long, and thi« 
was at least 35 feet longer than nature— the vertebra! gathered 
by him in Alabama having Iwen all strung together into one 
long " Hydrargofi,' though belonging really, as Dr. Jeffrie* 
Wyman announced, \o individuals of different ages, and, accord- 
ing to Miiller, to at least two species {^Zeugtodon macrosponr 
dylus and Zeunlodon b-rachyspo-ndylua of Miiller). 

(2) The head was in part a piece of bad patchwork j Uf- 
Wyman stating in his notes, made after a careful esatnin&tioii<t 
that the cranium proper (the part over the brain) was made out 
of a single piece of bone without sutures, leading to the Bi^ 
position that it was not the true crsiniura ; an inference sustaiDeOi 
he says, by there being no foramen for the passage of the Bpioil 
marrow, and no larger space for the brain than that for tti* 
spinal cord on the upper side of some of the vertcbne: and lij 
the amount of cement, which left little or nothing of the under 
suriace in sight, 

(3) The extremities of the so-called paddles were formedr 
says Dr. Wyman, of criets of " a epeckn of }fautUus" 

The Hydrargos or Hydracben pamphlets hence do not re* 
ijuire any modification of the opinion that Dr. Koch had not 
been trained to scientific investigation. 

But on this point we have the opposing assertion of Dr. Kocb. 
Being in a foreign country, where he had to make himself 
known, he opens his pamphlet of 1843 with the foUowiog 
introduction of himself to the public : 

" Previous to my commencing this treatise, I wish particu- 
larly to mention that I have not only devoted the greater part 
of my life to the theoretical study of natm-al history, but have 

' " tliitory of nritivh Fossil MnnlinAla Uid Dirdit,'' hy Itiebitrd [)w«IU 
F.R.8.. &<!., London. 1848, p. 'MH. 

t '■ rrCH;e«dinfr3 li<wIon Nat. Iliet. Snc.," I84fi, p. 66. In Dr. Wjrmui> 
lol«, n<Jiic«d l)v B. Silliuiftu, jun., tlicre is a S^um uf tlii! Rinariiiilib 




[I made myBelf intimately acquainted with the practical part 



, ve are unable to set aside the facts presented io the 
»ling pages and the opinion to which they have led, and 

" ; feel forced to take this introductory paragraph differ- 

Mttly from what the author intended, and gather from it that 
Dr. Koch was a man of large pretensions. This same impres- 
sion is conveyed by the account of his scientific travels in North 
America, wliich occupies the following six pages. I give an 
example. On the thjrd of these pages he describes the era of 
tlie ''mighty Missourium" and "ponderous Mastodon" as a time 
when, according to " every geological research," the earth's 
surface was " uninterrupted by any of the rough, broken, 
nigged deformities which now present themselves on every 
side," when " the climate was free from noxious vapours," and 
all was •' delightful," &c. ; and then dwells on the sudden 
dreadful change when " the ground was cursed for man's sake" 
and " all tiiose gigantic creatures perished," and " the garden of 
delicious fruit trees and blooming flowers was converted into 
a gloomy forest of thorns and thistles," He also gives ub his 
idea as to the nature of the great catastrophe, as follows : " The 
principal instrument used to cause this change, according to my 
views, was a certain comet that came in contact with our globe, 
which caused not only a diBerent position of our earth, but also 
the interior fire and water to come into an immediate violent 
collision, which created a revolution, that naturally sought for 
vent, and therefore burst through tlie crust of the quivering 
earth, tore up countries, and sank tliem in the sea." 

This 16 enough to prove that these pages do not sustain his 
large claim. 

Holding, then, to the conclusion that Dr. Koch was quite 
ignorant of geology, and without scientific training, we are 
forced to doubt, to doubt strongly, his direct and definite state- 
ment that he had devoted the greater part of his life to " the 
theoretical study of natural history," and had made himself 
"intimately acquainted with the practical part of it." It is 
true that he knew about the earlier part of his own life better 
than any other person then living. Any way, he certainly over- 
rated almost infinitely the results on himself of so prolonged 
study. This much we are disposed to allow in favour of his 
sagacity: that Dr. Koch appreciated the absurdity of the 
I.eviathan story, and introdnced it, after some thought about 
the people he was among, merely to get a full house for his 
Missourium; and that his attempted show of scientific knowledge 
had the same end in view. If this supposition is unjust to him, 
t-he other alternative explanation has to stand. In his New 
leans " Hyilnichen" pamphlet (1853), the inside pages of the 
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cover contain a long-cited article* wbich makes the Zeuglod-m 
the Leviatbaa of Job — thus Bhowmg apparently tliat his pw 
vious convictions were not too strong for a change of opinion, 
especialij after the Missouiium had turned into a Mastodon. 

The special statements respecting the mode of occurrence of 
tlie faiiman relics cited on pages 338 t« 340 remain for ooo- 
sideration. 

In the account of the deposits wbich afforded the MiaHouriuin< 
l>r. Koch speaks of " the present surface aa consisting of a 
delta or alluvial deposit," which suggests a doubt as to wbethw 
the overlying beds of sand and pebbles may not have been of 
very recent formation through river action. It is not mwlB 
cert-ain that they were true Champlain deposits. He says tint 
one arrow-head lay " icamediately under the femur or thigb- 
bone- J " and lie further states, in his later article of 1 857, thrt 
he " carefully thought to inveHtigate" the point as to it« having 
" been brought thither after the deposit of the Iwne," and 
decided against it. The observation and conclusion wouH 
have been more satisfactory had the author of them been • 
better observer. 

The description of the deposits in Gasconade County, wffl* 
taining the remains of an animal " the principal part of which 
had been consumed by fire," is a still more unsatisfactory laa* 
for a safe conclusion as to age. But in the article of ItioT )» 
says that "the layer of ashes, Ae., was covered by stratii^f 
alluvial deposits consisting of clay, sand, and soil from eigM 
to nine feet thick,/oi'mi7itf the bottom of the Bourbmiae [fiJtff] 
in grnei-al," which seems to make it almost certain that the 
beds were of quite recent origin. Neither in the account ol 
1839, nor of 1843, is the kind of animal mentioned; that<rf 
1843 saying that " they were the remains of an animal whkli 
bad clawed feet and was of the size of an elephant," and th** 
'•the constniction of the foot [forefoot] shows that it possess*^ 
much power in grasping and holding objects ;" but in that ** 
1857 he says "the bones were sufficiently well prtr^erved " 
(enable one to decide positively that they belong to tlie Miutoittf* 
giganteua." 

The tragic part of the story — about the elephantine 
liaving been burnt alive by the Indians aft^r they had 
their Iwws, and also thrown more than n hundred and 6r* 
great pieces of rocks " two to twenty-five poimds in wi?ight " * 
him in vain — is an hypothesis in keeping with the n?at of 1» 
documents. A fire kindled about the shoulders of a inii^ 
Slastodon would have taken long to get through the hide 
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loscleBO as to char the bones; and an Indian's appetite would 
ave been pretty Biire to have stopped the cooking short of this 
barring, The charring might have been done very long after 
^e miring and death of the animal, and the facta be all as 
ieynje reported. The remark thiit "the greater portion of 
IB bonea had been more or less burned by fire" favours the 
lea that the fire was made about the bonea at somo time 
etween the era of the Mastodon and the present time, and 
nt about the liring body. 

The failure to repeat, in either of the later accounts, tho 
irly statements respecting the "large pieces of skin that 
ipeared like fresh tanned eole-leather," and the " sinews and 
■t«riea plain to be seen on the earth and rocks," shows that 
- afterwards douht«d and rejected this part of his observa- 
uns: and this imavoidably suggests some doubt as to the 
her points; even to questioning whether the charring was 
't in fact only a blackening in colour due to burial in the 
irsh — a very common effect from such a cause ; whether the 
umbliDg was not a result of that natural decay which so 
Heraliy befalls old bones ; and whether the stone implements 
ind were not small oblong stones of Nature's chipping or 
liahing. 

Tims stands the evidence. If the statements respecting the 
posits had been published by a good geologist with no more 

detail, and without any special effort afterwards to make all 
ings positive, there would be some room for doubt, consider- 
i; the many chances of error that exist. But in the present 
w they were not made by a good geologist ; they were not 
ide by one trained to investigation, or to habits of precise 
itement ; nor by one who had a knowledge of any depari- 
™t of science ; nor by one whose sound common sense was 

obvious a characteristic as to demand consideration for his 
inions and statements ; nor by one wholly free from prettmce 
daham. 

Taking all things that have been reviewed into consideration, 
'hint there is sufficient reason for regarding Dr. Koch'B evi- 
nce of the contemporaneity of Man and the Mastodon as very 
^tful. It is to be hoped that the geologists of the Missouri 
■ological Survey now in progress will succeed in settling the 
■^tion positively. 

The contemporaneity claimed will probably be shown to be 
^ for North America by future discoveries if not already so 
^blished ; for Man existed in Europe long before the extinc- 
' of the American Mastodon. — SlUiinan'3 American, Jour- 
■> May 1875. 

Ol. XIT. — NO. LYI, D _^^M 
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Since tliia article was printed I have come acroee anotier o 
Dr. Koch'a pamphlets. It is a " second edition" of the Nei 
York pamphlet of 1845. In the main it is the same with till 
earlier one of that year. The moat important difference i» 
the first half of the title-page, which reads as follows : 

" Description of the Hydrarchoa ffartani (Koch). pCht 
name S'dlvmanii is changed to Earlani, by the porticolu 
desire of Professor Sllliman.) A gigantic Fossil Reptals 
lately diacoYered by the author, in the State of Alabamii 
March 1845." 

A secoTvl difference is in the appended matter of nearlT 
ten pages, which extends the pamphlet to twenty-four pup* 
This mattej conaista of (1) an extravagant article from "Tbe 
New York Dissector;" (2) the article from "The New Tori; 
Evangelist " about tbe Hydrarchos and Leviathan, alluded tJi 
on page 344, as occupying the inside pages of the pamphlet of 
1853 ; and (3) a puff from " The New York Morning News.' 

A thwd novelty is a large wood-cut of the ffydntrehM 
Harlani, covering the last page of the cover. The body of 
the pamphlet contains only some verbal changes. 

These New York pamphlets of 1845 contain one signilicftiit 
discovery of Dr. Koch's, made during his " geological tour,' 
which is worth citing. He says; "When at Golconda, lUiooi^ 
I discovered a large deposit of old red Sandstone or Devonian 
s^tem, in which I found a great variety of non-described fowl 
fish of most wonderful forms, the spiral columns of many of 
them bearing a striking resemblance to a screw, so that they 
are called bj the inhabitants of the country petrifi^ screw*' 

Tbe Doctor's " spiral columns " of " fossil fish " are tlie nan- 
mon Bryozoan corals of tbe genua Arckini^dipora, found thHSi 
and elsewhere, only in Subcarboniferous rocks. 
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THE NORWAY FLORA.* 

TECE Flora of Norway is so far similar to that of the British Islands as 
may be broadly expressed by the general statements, that fully three- 
quarters of the species of vascular plants of the former are contained in the 
latter, and that the latter is richer to the extent of about 10 per cent more 
than the former. The area of Norway, moreover, is but in*a small proportion 
larger than that of Great Britain and Ireland. The difference between the 
two floras is, therefore, by no means considerable, nor are they unsuitable 
for comparison. England, no doubt, enjoys a larger share nf the Continental 
flora than does Norway, and the West of England in particular produces 
some species of the north-west coast of France which are absent from 
Norway; while Norway, being partly within the Arctic circle, obtains 
many Arctic species which do not extend so far south as Scotland ; Norway 
also includes a few species of the Alpine and North German floras which 
do not reach our country. " Blytt's Flora of Norway '* may, therefore, be 
expected to prove highly interesting to us, especially since the descriptions 
of the critical species and sub-species appear to have been elaborated with 
much care and skill. 

A few examples will suffice to illustrate the principal contrasting: features 
of the two floras, so far as the volumes quoted above have permitted the 
necessary details. Of ferns we find in "Blytt*s Flora" thirty-tivo species, 
of which only two are absent from us ; while we have forty-live species as 
iriven by Professor C. C. Babing^n, or thirty-nine as given by Dr. J. D. 
Hooker. In sedges Norway is peculiarly rich, having, according to the 
^ Flora," the large number of 102 species, against 70 as a full estimate of 
our species given by Babington. In grasses the two floras are nearly 
equal in number. In orchids Norway has thirty-one species, against forty- 
two in Britain. 

The willows for "Blytt's Flora*' have been specially monographed by 
X)r. N. J. Andersson, the principal authority on this difficult genus, who 
^yes forty-four species, including crosses, while in Britain Babiugton gives 
only thirty-one. 

In accordance with a common practice in local floras, and with the per- 
zuisaiYe rule laid down by Mr. Bentham, the descriptions of the plants in 

• " Norges Flora ; Forste Deel, af M. N. Blytt." Christiania, 1861. 
'' 2 den Del. Iste Hefte, af Axel Bly tt" 1874. 
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"Blytt's Flora" aie (jivon in Norsk, the vetnaciilsr Inngungo 
It would have been an uncoiumoii nnd useful ndditioa if t 
of the species beyond the limits of Norway liad been briefly indicalttd, 
Ur. Bentbam suggests Ekould alwnya bn done in local floraa of this natiin 
Thus, ID ths cnses of the two non-Britieli feras, it inigbt bnva been eXaXti 
tbat Aiplenium crenatitm, Fr., occuts iu Norwny, f^iberin, and Japan ; uu 
that Strtdhioptain germimioa, Willd. (oddly enough absent from Brilain), I 
found in Europe from ScaniliLiaTiii to Austm, in Asia from Msuchoria tl 
tlie Altu Mountuns, and in North America from Canada to PennsylraoU. 

As a recommendatioD to the boolc, at least for Eogliah students, it mtj 
be noted that the general arrangument of De CandoUe's " Prodromiu * 
(though reversed in order) has been followed,Jiislead of one oflbe nitniermil 
eo-called improved metbnda such as that e:npIoycd by Ilnttmui ia hi* 
" Skondinnviena Flora." The first part begins with Equiaetacete, and tbt 
portion of the eecond breaks oEf in the course of the Compoait», so a» to 
omit the tribe ChicorioceCB ; ao far the whole number of species dewnbed, 
including some crosses in the genera Salic aad drnum, is 037. 

For the purposes of the Bora Norway is divided into three parts: ll* 
firat port contsina all the country south of Duvrefjeld and east of Iha 1*0^ 
Qelda ; the second contains the country between the watershed of tlie Lsf- 
ijelds and the North Sea from the Xaxe to about G3° N. Ux. ; and ths tfan 
contains all the country north of Dovreljeld. 

The distribution of the species is referred to five nscending mnesi suBl^i 
tjte region of cultivation, the region of pinea, the region of ^idiMS lb 
region of willows, and the region of lichens. 



AMERICAN ZOOLOGY AND GEOLOOY.* 

rE " Bulletin " (No. 2) contuns an interesting monograph of the fjuA 
Leueosticte (Swainson), ur the grey-crowned purple finches, inckdiag 
their history, biography, general characters, and f eogTa{)hlcal distribniin 
They are aparrow-liku birds characterised by terrestrial habits, rosy lint* W 
the plumage of the posterior portions of the body, and a foudncta forlb 
cold climale of high latitudes or Alpine elevationa. The diatlibutiun wilb" 
the United Stales is exclusively western, none of the species oectunV 
eABtward of the hose of the ICocky Mountains, which region is their csoU* * 
ftbiutdance, but one of them Dccui<i, in winter, from tbencu to the Ftov^ 
iM>Rst. Tho Alpine summits of Colorado seem to be the aouihern liuut <>' 
their sum in er distribution, beiog restricted at this season to an oltiluil*" 
12,000 fi>et and upwards ; the resident species, howeier (L. Auttalit) >»* 
grates chiefly to ibe base of the luouutidns, or about 3,000 to 0,000 h<t 
lower. A paper by Dr. E. Couea on the family Geoinyidie giv»s ths «■" 
trasting crauinl and dental cliBractum of the two genera Oeooiyt ■>■ 



" " Hullelin of the United States Oeological and Gnognphica] SiO«T 
ofth-Terril.iri.VN'*. 2&». Second Series. Washington. ItT^- 
■• IJnit^ Stales Geo1iit>i>-al snd fJefarnphical Survey of Colorado, S.f^ 
a- 18/3." By Dr.r. r. l!«jden. Waahinglon. Ij)?*. 
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' nomomya which compose it, nnd a comparigon of tbe cranial chaiactera of 
this familj with the Soccomjidae, in which, not with stnndiag the close atlinitj 
of tbe two families, their crania ate curiouslj different in general appearance 
ttud detub of contour. A valuable synopsb la given ufinsei'tlTorousmamcnulB 
based on the relations of the stud; of the American forms and their com- 
parison with those of other parta of the world, and preiioded by a notice of 
the claasificatioQ and views of the Tsrious authors who have written on this 
group. A report on the niulliuca of Colorado concludes this number. No. 3 
contains B lopograpbicsl imd geological report, iucluding the mines of 
Sun Jnan country, by MeMre. Wilson, Rhoda,aud End'.ieh. From the report 
of the latter it appears ihut more than 4,500 square milea of tbe count^ ia 
covered, in one conUnuous area, by volcanic rocks, the character of which 
throughout the district is one of extreme intoreet, demonstrating an enor- 
moua amount of activity during probably a short period of time, but which 
was, nevertheless, accompanied b; a comparatively large number of changes 
in the chemical and physical qualities of the ejected materia], and which 
consist mainly of variously coloured trachytes, sometimes with interstrati- 
lied obsidian ; these trachytes, of an aggregate thichnessof 7,000 feet, forming 
the maia mass of the volcanic rocks, are succeeded, but not continuously, by 
beds of tbjalite, dolerite, and basalt. With regard to the metallic lodes of 
the district, tbej appear to be, geologically speakiog, young, probably having 
l>een formed at the dose of the cretaceous or the beginning nf the tertiary 
period, for they tun through the trachytic rocks (which are supra cretaceous) 
ia a very stitughl and regular course, either north-east to south-west or the 
Tereise. The mines ore but in their infancy, and the ores mainly found ore 
galena, sphalerite, pyrite, chalcopyrite, fuhlerz, and tbe variety freibergile. 
The same author, Mr. Endlich, contributes in the Report for IS7S a paper OD 
the mining district of Colorado, with a catalogue of the minerals, including 
native tellurium, and the geology of the San Luis district, from which it 
appears that granitic and volcanic rocks constitute tbe two main systems of 
mountain ranf>ea which traverse the country ; a narrow bund of ulurian and 
carboniferous beds traverse the central portion of the districts in a south- 
easterly direction. Mesozoic and tertiary strata are found only along the 
CAstem ed^ of the Front range, the cretaceous extending into the moun- 
tains in a few bays of ten to twelve milea in lengtb, whila the drift covers 
tbe San Luis volley and other portions of the district. Besides thb paper, 
the report of more than 700 pages, with many plates, hy Dr. Ilayden shows 
the continued activity and labours of himself and his colleagues in the ex- 
ploration of the district under his charge, from which much additional in- 
formation of a detailed character is given of the geology, mineralogy, palte- 
«iitology, zoology, and mining industry of tbe parts of Colorado surveyed 
during the post year. Dr. E. Cope describes the vertebrate fossils of 
Colorado, in which he briefly discusses the mutual relations of the cretaceous 
and tertiary formations of tbe West ; a subject also alluded to by Professor 
Xeeqnereux, in liis able and inslructiTe poper on that debatable ground 
the lignitjc formationsof the West. They are referred by him to the tertiary 
period, although some cretaceous animal remains have been found with them. 
The tertiary aspect of the lignitic flora is undoubted, and their affinity to the 
tertiary flora of Europe ; but they dilTer irom the Dakota group below, from 
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which group upward there does Dot appenr to he auy trace of 

tation in the wbule North Araericnu conliiieDt tmtil we teach the low 



lignide fornmtioii. 

A descriptionof the new species of fosail plants 18 nppeoded; the 
of the past jeaj have added to the American terti&ry flora about 100 
the whole numher uow amounta to nearly HGO. The reports in the tuIoim 
on recent zoology are very full and include nodcea of the iVlpine 
faiiDB, the geographical distribution of the motlie, the diplera, coleoptailr 
neuroptens and royriBpoda, chiefly collected by Lieut. W. L. Catpenter is 
1873, besides a report on the nmphipod ctiistoceans by Mr. S. Smith, md* 
synopus of the phyllopod cruatactfi of North America by Dr. Packard. 

The Tolumo with tho concluding report on topography by Mr. T, Oudntr 
is an important and valuable addition to the documents already publiibtd 
on the geology and geography of the western territortea under the chugs 
of Dr. Hayden. 



THE MOLTEN GLOBE.' 



TFHE vtewB brought forward in this book ns to the form of the cODtiDUtl 
-L of the globe are a further continuation and expansion of those giTca in 



a paper published in the " Edinburgh New PluloMphical Journal " forlSST. 
It is to be regretted both for the reader and author that this is only thv M 
part of the work, as the hypothetical ideas here expressed may without tW 
other pnrts render Us pages not very intelligible to every reader. The pTTt- 
midal form of the southern extremities of the couliuenls hag been remuM 
and discussed by Carl von Ttitter Ouyot, and olher physical geogcBpIm*> 
without any definite expUnatioD. Again the different main direction of llu 
two, broadly speaking, continental masses, the new and old world*— aw 
extended north and south, the other mora in an east and west diroction— «• 
well-marked features. Thc.ie bearings and the conical form ofthe southvl 
lands seem to be at least partly influenced by the dtreclion of the cM 
mountain ranges, as Professor Dana long ago pointed out with regnrd tu lb 
form of the North American continent. In bis previous psp*r the aathar 
suggested the view that the pyramidal form of the outline aS tit^ sonlhtm 
extremities of the continents of the globe was the result of the conlesl 
filial figure of the reliefs of the land entering the ocean at an angk lo tk* 
spheroidal surface of the sea. Still more crystal Ingmphie ns to thn (onn' 
the land is the idea enunciated in the prewnt part. Thus ''aui^iol 
tetrahedron, supposed to be three-fourths covered by water nttraclod toimi* 
the centre of gravity of the figure, represents generally all fODlininIa** 
oceans on the globe in their actual relative positions. As Ibtiw «r# toff 
arutr solid angles on the crystak, so there are four, and only foiv, contia* 
or masses in relief on the glabe ; and as there are four obtiue solid ODftU* 
the crystal, ao there are only four grand depressions or oeeani on tlia glntO' 
The author shows the astronomical and gDologienl bearing* on his tetnbsd'*' 



" Vestiges of the Jtolten Globe." By W. L. Owen, Miaiatw of TaOp 
ASun to the King at the Sandwich Islands. London. ISrs. 
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theory of the figure of tiie csrtli'fl solid crust, Bad the physicnl cimDectioa 
between the tetTHhedml figure and a molt^a spheroid^ mass on which ia 
formuig a solid crust, and the partinl deviation of the form of land to a pT»- ' 
Biuned macling of the crystal, or n plime of ]aternl shift between the northern 
ftod southern hemispheres parallel to the plane of the ecliptic. The further 
explanation of these and other hypothetical views must, we think, await the 
piiblicatioit of the second and third parts, when the author niaj ecdeaTOur 
to connect more in detml the earth's Burfaca features with volcanic action 
and the tetrobedrnl collapse and shift of a thin crust upon the molten 
spheroidal nucleus. 



^B CORALS AUD CORAI^ISLiVNDS.* 

PROFESSOR DANA has not taken the Bame length of time as Mr. 
Darwin in bringing his fine traatiBB to a second edition. Whereas 
the latter required more than thirty years, hia American fellow-worker 
has token but two in arriving at the second issae of his work. It ii* satis- 
factory to see that this work is io no way whatever controversial. Though 
we fancied when first we took it up that we should find coneiderabla 
depreciation of Mr. Darwin in its pages, yet really nothing- of the kind 
ia to be found. It ia true that ou some points the author holds a new 
which differa from that held by the author of the " Origin of Species." 
But in eveiy instance that he bna to apeak ol Mr. Darwin, Professor Dana 
lues language which must gratify his opponent extremely, for, though not 
much later than our English aai-ant in the field of exploration, he yet givea 
him the most extreme credit for the value of his labours. 

The book does not require a lengthy notice, because of the fact that the 
present edition coming out so soon after it« predecessor bos not much in the 
■hape of novel matter to o fie c its readers. Still we may in a general way sketch 
its contents. It first deals with polyps properly so called, which the author 
divides into three groups, and then treats of as living and deadagents. Next 
come the Hydroids, which we should hardly have expected in a work like the 
present. After them come two groups which we certainly think ought not 
to have been described in a book on corals, viz. the Bryozoans, which are, as 
of course the author admits, genuine mollusks— and the Algie or nulliporea 
and corallines. Lastly, the true coralline polyps — those which form such 
gigantic masses, or lagoona, on both aides of the equator, at about the 
latitude of 28^. Within this latitude the water ranges in temperature from 
lif to 68°, being in some cases as much as SS" in the Pocifie and 83° ia the 
Atlantic, and descending in some rare instances, and for a limited amount 
of time, as low as 68°. Under this head of classi&cation the author 
includes some twelve groups of corals, of which eeven are iuhabitiuita of 
the hotter and five of the colder climates. Then with a considerable 



* " Corals and Coral-islands." I 
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degree of roinuteneaB he describes the general features Mid ^ffiotOt 
qusUiies of the reefs, claa^ifyiiig tbeni as inuer and outer. Next in oiia 
cume coral-Ulaods, in which he apenka of the forme and Boundingi mi 
ettucture, and then he procccda to give ajuple details concerainy sbmit 
tliirty celehmted formatioiu. Having tre&ted nf the itlnnds be then COIM 
to the question of the causes of corBl-rt>e&, and here we hmve a leai^ 
ducuaaioD anent barrier, fringing and atoll reefs, the rausea modifjing tliai 
fonna and mode of prowth. This is jast the point on which discussiQii wU 
occnr among those whn have studied the subject; and we canonl hAj 
thinking that Professor Dana has given his arguments with w considenUt 
amount of evidence in their support, and without anv of that caciUliig 
spirit of which we had to complain so bitterly when, somi* lime dace, ibt 
subject of glacier-motion was under discussion. Then follows a chtptt 
on the geographical distribution of corals, and another also on chtnpt^ 
level in the Pacific. Finally comes a discussion on geological ooncluaomii 
-which the reader ia treated to some observations on a host of subjwts, ft 
which the following are some of the more important : — Formation of liffl^ 
stones making thick strata of limestone ; deep-sea limestones not of cwl 
formation ; absence of fossils from limestone strata ; funnation dt dol^ 
mite and chalk ; limestone caverns ; oceanic temperature ; and lastly, Ik* 
oceanic coral-island subsidence. 

The illustrations are most numerous, and are eice«aively well exectltt^ 
those which form the frontispiece and are coloured being simply £)ultlMlT 
beautiful. Many of them will be new to all but the speciitl reader. Id Sd^ 
we have to say a word of the author's style, which assuredly deierra ^ 
highest commendation. It is surpa^ed only by that of Mr. Goa* hi th(M 
marvellous word-piclores of the lowly inhabitants of the ocean. But itl* 
immensely superior to that of most writers on the subject; and itllN 
fascinating in ita nature that it leads you away even over pasMigN ia wlntk 
we think the average reader would otherwise ful to have any interest Ws 
cannot do better than close this notice with a quotation from the prsCmW 
this excellent volume; — '' Most agreeable are the memories of snffll^ 
•ceneti, and labours connected with the cruise ; of companion* in tflW* 
both naval and scientiSc ; of the living things of the sea. galhet«d iV 
moving by the ship's side, and made the study of the day, foul w«alliM' tf 
fair; of coral-islanda, with their groves, and heautdfut life above attd iritUii 
the waters ; of exuberant forests on the mountain -islands of the PidSft 
where the tree-fern eipnnds Its cluster of large and graceful frond) !■ 
rivaliy with the palm, and eager vines or creepers intertwine and fatt* 
the trees, and weave for them hangings of now foliage andflowe»i» 
lofty predjuces richly draped, even the slenieat fronts made to amils i^ 
be glad, as delights the gay tropica, and alive vrith waterfalls, gUdi^t 
Ieaf)ing, or plunging, on their way down from the giddy heigfat% ud ■* 
they go playing in and out among the foliage, of gorges explored, moimt^ 
and volcanic cones climbed, and a burning crater pcnetmted a ihonsand M 
down to ita boiling depths ; nnd finally — beyond all thew — uf Dll 
emerging from the deptlia of barbarism, through Christian, Mlf-dntijiBI 
dlvinely-<ided effort, and churches and schoDl-houpes standing •» M 
objecta of interest and Influence in a nativB village." Thus the author i 



the reader a roreloate of the delighta he ie about to oCer him, nnd there it 
not much of eia^freratiou in tlitt picture. But there u (mother Kketch 
-which he draws of the oppuaite side, not eo pleuont h pictura it niuat be 
coofeased, jet not wanting either in graphic sketches or in intercating 
episodes. Indeed, the whole book, while unsurpassed as a Bcientific meuioir, 
ta almost unequalled as a pleasant scieotiSc trentiati. 



1 



PHOTOGRATHIO CIIEMISTRY." 

WE think the author of this book liaa succeeded in producing A tolenllf 
accurate aud withal a popular treatise ou the subject of photogrnphf , 
but we certainly do not tliink that greater results bare been achieved. At 
the same time we bulicve that such a work was wanting, and that a considot- 
able deal of good may be eflected b; its circulation among amateurs. We 
bare many in this coiutry who pursue photography as an amusement, and 
often with the very best artistic roBulti, yet are extremely ignorant of the 
different applications of the science, or of the many wonderful attempts that 
have been made by its workers to apply it to perfect colour-painUng. Tho 
author in hia pretace points out the many applications of which photo- 
graphy is capable. It is quite true that it brings before us pictures of nearly 
everything in the " heavens nbore and in the earth beneath," and we maj' 
Boon expect it to work for us in the "watera under the earth ; " "it registers 
the movements of the barometer and thei'mometur ; it has found an alliance 
with porcelain-painting, with lithography, metal and book typography} it 
mokes the noblest works of art accessible to those of slender means " — as wit- 
ness the South Keawngtin photography of the masterpieces of Dresden and 
elsewhere : — " It may thus be compared to the art of printing, which confert 
the grenteEt benefit by multiplying the production of thought, for it conveys 
an onaloguUB odvantnge by fixing and multiplying pliesomenn. But it does 
more than this. A new science bos been called into being by photography, 
the chemistry of light — it has given new conclusions lespectiog the opera- 
lions of the vibrating ether of light." 

The author endeavours to give a popular sketch of the nature of 
photography, beginning at the very commencement. He describes rmd 
illustrates by a series of cuts and photographs the various processes 
which have to be gone through in the several operations. Then he describes 
the methods distinguinhed as portrait photography, landscape photo- 
graphy, levelling by photography, and photographing the heavenly bodies, 
lie next deals with the several applications of photography, giving a brief 
chapter to each. It is iu this department that we find most fault with his 
teaching, which we must confess seems to us of an exceedingly " popular " — 
oMng the word in the very worst sense — flimsy and imperfect character. Let 
U take one example — the chapter on micro -photography ; in leas than four 
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pages the wliole subject is diecussod, while Dr. Bfaddox's i 
once meutioQed, although he u uDdoobtedlj the first niicTO-phob:^;i^(T 
that Eai;l(uid has produced. Then the deMriptiou of the App«ratua to U 
employed is evideotly writtea by one who never eudearaured to l«ln 
niicroBCopic photograph in his life. Still, however, \re should rememb 
that the author oddreaaea the general and not the sdentific public Al 
bearing that in mind, we would reFeT in conclusiou to his chapter on 
" pbotographj in oatural colours." In this we have explained to ui «1 
some length the manj difhcultiea that surround the subject, and the monj 
partiollj successful efibrta that hare been made in this diroction. It 
certainly does seem wonderful that an attempt in Ibis way 
as long Hg3 as 1810 by Professor Seebeclc, of Jena, who found tbnt chloride 
of silver took on the natural colours of the spectrum. Of course the mlill 
difficulty has been that of discovering a mode of fixing the cobun, nan* 
being yet known, Thore is still work being done in this direction bjr iL 
Poitevin, of Paris; HerrD.Zencker, of Berlin; and Mr. SimpsoD, of Loudooi 
and we moy hope that future workers will discover a method of fixing theM 
coloured representations. " The first attempts in nncoloured phologiqihj 
also failed for want of a fixing medium, which was only discovered 
years later by HerBchel," 



I 



A MANUAL OF ELECTRICITY,* 

ELECTBICITY has now become so important an agent and so g 
ally employed in the arts and manufactures, that there certunly it It* 
quired a work dealing with the whole subjeut ab initio, which tbaae whodaan 
to understand the subject might take up and read with advantdgo. Weftef 
however, that Mr. J. T. Sprague is hardly the person wbo could writ* nA 
a book. It is a great mistake to suppose that a minute procticul acqi 
ance with a subject is all that is requisite for a teacher ; and we have IN 
doubt that if this fact were once thoroughly recognised our publiihais i 
have infinitely less to do than at present. Gut, unhappily, it too 
happens that a uian wbo thoroughly understands a subject is selsd 
teacb it, without ihe possession of the slightest knovrledge of how to ll 
bis ideas. Now, such a ease is that of the author of Ihe present book, 
do not doubt that Mr. J. T. Sprague is thoroughly quMlifled its a t*>l#gnpUe 
engineer; hut we certainly cannot recognise bim as a teacher uf adoM. 
Hia opening sentence is of itself quite sufBcicnt to show that he is Httelj 
unqualified to impart knowledge. What will any of our modern philompbt 
aay to the following as the commencement of a work which proposM U 
teach practical science f—" When we endeavour to analyse and simpli^ on 
ideas of the universe of which ws form part, wo find that we t«duioa & H 
tbiee distinct conceptions, which we define as essences oientiliM^ via. Matt^ 



" Electricity : its TheoTT, Sources, and Applicatiovi.'' By J. T. 9pi"ejx^ 
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Toice, Rod Spirit." But ennugli of this. Practicnlly the best part of the 
-work ia that which hits to deal with electro-mutaUurgy. In this we find an 
ample ^esplanation of the TSrious proceSHes; it witanda to about fifty 
pages, and thoroujfhly companBates for iho many deficiencies in tlie other 
porta of this volume. The dictionary of tarmB will also be found useful. 



■ aACH'S BOTANy.» 

""* LTHOUGH we have wailed for some years for the translatiou of this ' 
■"■ book, which was promised to us at an earlier dnt*?, we can now under- 
stand the many ditHcultiea which attended the labours of ihe two diatinguiahed 
botaniats who have been concerned in the delivery of the EngtiBb trauslatiou 
of this important work. And itni>rimis let it be distinctly understood that 
at the present moment it is not the intention of the Reviewer to do much 
more than coiice the publication of the volume ; fur he baa felt bound to 
put off bis review of so volumiooiu and vast a work to the October number 
of this journal. And in order to justify bis procriutination he must explain 
the fact that the hook waa not put into hia hands till the month preceding 
the publication of thia journal. He will, therefore, in the present instance 
merely proceed to indicate the general plan of the book, putting oiF hts 
criticism to the later season. In the first place, we may obaeire that the 
Edilora have endeavoured to bring the book up as much as posiiblo to the 
times. And this they have done by having the fourth German edition for 
consultation ere they went to press with their translation, and also by in- 
ducing Professor Willinmson, of Manchester ; Mr.Sorby,of Sheffield; and 
Professor McNab, of Dublin, to come personfilly to their flssistance in the 
prepM»tion of chapters in which their own resea^chea were especially 
referred to. Of the plan of ibe book, which we shall only speak of in this 
notice, the following may be token as a reaujiif. It ia divided into seven 
chaptera, extending over a apace of 850 pages of aomewhat small but clear 
type, and of the largest Svo. site. Thus it will be seen to be no small book. 
It ia illustrated with more than 4^ woodcuts intercalated with the text. 
In some few cases the cuts are repeated, and in almost all cases they will be 
absolutely new to the English reader ; most of them ere from Professor Sach'a 
original drawing, and in all cases where they are borrowed from olhar 
woikeia there is the somewhat unusual honesty exhibited of stating from 
whom they have been borrowed. Of the seven chnptera of which the work 
is composed the following are the titles, each of which is subdivided into a 
number of sections, and the whole of which ate included in the three 
sections into which the hook ia divided, viz. i-^Oeneral Morphologi/, Special 
iforphotagy, and Phyaoliigy : — lat, morphology of the cell ; 2nd, morphology 
of the tiesnes ; 3rd, morphology of external conformation of plants. Then 



* " Text-book of Botany, Morphological and I'hyaiulogical." liy Julius 
Sachs, ftofegaor of Botany in the University of Wiirzburg. Translated and 
AnnoUted by A. W. Bennett, M,A., fiSc, F.L.8. ; and W. F. T. Dyer, M.A., 
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commences Book II., 'wbich has to do with spedal morpliology ; taA iMth 
cgmes Book 111., which has the following choptera : — 1st, the molecalu 
forces in the plant ; Sod, the chemical proCBsaes in the plant ; .trd, the g«nenl 
conditions of plant life ; 4th, the mechanical laws of growth ; Gth, tJt« 
periodic moTetnents of the mature parts of plonU, and morements dqiendoit 
on irritation; Gth, the phenomcua of sexual reproduction; and 7th, 
lastlj, the ori^ of species. Of theao several chapters we shall ba u 
prepared to speak at tbe period of oui next notice. 



A HISTORY OF THE AMERICAN INDIANS.' 

riULt; lahour that has been undertaken bj Mr. Bancroft, the antHorOf tt* 
JL two splendid Tolumea now before us, was indeed a vast one, one ^)aA 
alone ft person who devoted weUnigU a life to it could have at all achietrf. 
And if the author hsa not been contpletelj succeasful we ore sure that fc* 
critics will be so singuUrlj nngraleful as to condemn the work on 
account olone. If we for a moment consider the vastnesa of the Kfka 
proposed to be explored — uxwuding from the Pole to the Equator— tbt 
immense library of hooks that awriter au the subject must have tnexanuMi 
■nd the physique which an inrestigator of such a subject must be pooseaacd 
of,Are are the more ostoQishcd that so much good work should have boa 
done, than that so little hns been acquired, Air. Bancroft has set lunutU 
down to give us an accurate account of iiU the races, civilieed ond a»T«g»i 
of the American Indians, and he has, wa think, discharged the duty be hu 
undertaken with remarkable £deli^, and with an absence of thai I«n<IaiCT 
to theoreticnl disquisition so common in all who have to discharge n 
duties. When we further consider that the ezlent of surface of the evlb 
coTered by the races ha has dealt with in these volumes is ncorlj m^ 
tenth of the enUre globe, we shall have some idea of the vaataitu of tht 
labour ; and we ore compelled to admit the force of the author's obHOtotiuBi 
that the labour of preparing these two volumes b equivalent to tluii li 
one man working continually for at least ten years. Let us see hoir tlui 
labour was discharged. Mr. Buncroft found that the information 1^*^ 
ing to these numerous tribes was diffused through no less than 1,300 
volumes iu different languages, of which he has given an accnrsU 
with their dates and places of publication. How, then, were thew to b* 
ufted, with a view to collect the grains of truth from the chaff of fablsUJ 
tmrealityi' It is thus explfuned: — "In the work of selecting, sirtiag, (b^ 
arranging my subject-matter I have called in the aid of a Iarg« uumber <>' 
amistants; and while desiring to placeounoooebut myself any respontibi£IT 
for the work, I would render just acknowledgment for tbfi sen-icas of ilL" 
Which he then proceeds to give, To do more than point out the genua) tI" 
of the work would be here completely out of plac«. And this wo oball fff* 

• " The Native Races of the Pacific States of North America," Br It ^ 
Bancroft. Vol I. WiU Tribes. Vol. 11. Civilised Nations, i/mim' 
LoDgmaos & Co. 187^. 
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proceed to da. After eome genentl observationa he proceeds to deal with 
tlia wild tribes, as follows: Fiist, the Hjperborenne, then the Calumbiiuis, 
Califomiftna, Nuw Mexicnns, wild tribes of RIeitico, iind Instly lie wild 
tribea of Central Amorica. Under each of these heads, besides treatiEg of 
the Bcreral groups of Indiana — aa the Aleuts, NootkM, Chinonks, Sahsh, 
Sahaptins, Modocs, Eurocs, ITonpahs, Sonomas, Shoahones, Apache, FuebloSf 
descendanta of the Aztecs, IIueztecB, Tzntziles, Chochones, Mosqultofl, 
Cunumes, '\'iscitas, and neeil; a hundred other trihea — he deals with their 
respective cUraates, country, dress, dwellings, food, weapons, baata, goTem- 
ment, domestic afiatrs, amuaementB, diseasas, burial, laws, and tnedicine. 
Ajid under these several beads we can promise those who are in the sliiihtest 
degree interested a roasa of facts atated ou good authority, and relating 
aoms of the mo»t peculiaj' cuatoma we hare yet had an opportunity of learn- 
ing'. The laws especially relating to marriage and to the perpetration of 
certiun cnmea connected with sex are most ^tonishing, the more so m they 
display a tendency toward the offences of a luxurious civilisation. Indeed) 
the reader of Sir J. Lubbock's last book on Man will find in this, the first 
volume, a vast deal to interest him. 

la the second volume Mr. Bancroft deals with the civihaed nations of the 
same district of America. And in this we find much to interest us aa to 
the civilisation of the Aztecs, Nahua, and Mayas nations, nioru especially in 
regard to the palaces, zoological gardens, wardrobes, harems, priesthood, 
slaves, public festivals, dress, and commerce of those singularly interesting 
gioupit. We think that there can be little doubt that the author's view 
regarding tbe people at the time tliey wore conquered hy i^pain, is In the 
main perfectly correct. He holds that they posseasud a degree of civilisa- 
tion infinitely superior to that of their Spanish conqucrora, and he thinks 
that their extermination ia due entirely to the abominable crueltiea prac- 
tised on them hy those who overran the country. There are few faults to 
be found in these volumes. And it is possible that one of our objections 
may be met hy the author's love of accuracy. We refer to the constant 
display of notes from Spanish writera given in their own language. The 
□umber of readers in this country who are versed in the language of Spain 
ia exceedingly few, and therefore we fear many interesting passages will ha 
more obscure to them than if they were actually in the Hebrew tongue. 
The author too is rather in error in atatiug Mr. Darwin's theory. Evidently 
Mr. Bancroft ia no naturalist, or he would not have imagined that the 
development of worms [insect-Inrrie] in meat could be looked on as a 
proof of tbe doctrine of evolution. But this is a matter of little moment. 
In rending his book we have been extremely interested, and we can 
fully appreciate the labour its preparation must have cost him ; and we look 
vith curiosity to the publication of his further researches on this absorbing 
subject. 
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TRESPASSERS.* 

ONB nfdin wundon at the tagenuitj exliibited hj tlu TLew. J. G. TeoA 
in pving a unriM of succeciful titles to Hu boolca oa mtt ga l la ~ 
And liHrc li anotliuT inataoce. One vould mrely bare tfavght tkat i 
many work*— ««nc of tbera uilremely intereatiiig — whieh tie aatko 
Lro ugh t U< fore the public, be must bnve deactibed tbe baUU oftkcu 
with which ha dctSt in the preaent volume. But, be tlut m it B^.wa 
hsTo hern troati^il in ft nsw Euliiiiii thtue momberi of ifae uumml Idaplga 
which mny be diitinetl; called the robb«r ckm, aed which lene th«ir 
(tfna for n tlma tn anarch for food in the department of the e«tli ttnt bet 
to ollior cronturon. And Mr. \Voud in, for the gcaeral reader inlenstod ■ 
natural hliUirj, a most chormiDg compBoion. He fau orqnired a 
plniunnt ntylu of writing, and he ig moreover tolerably accunte in Us itU^ 
ment of fact*, while at the «ame lime he explains difficulciea without 0* 
DM of UchnicaliUo* when they cah be avoided. Hb pictiiru* are cwm^ 
Ingljr wall axneutJid. Of course, in the illustrationa to such a book ai lit 
pmwnt n gi^od deal of latitude is iiUowcd to the eDgraver, who ha* Ic pnti 
numbur of crontumii tognthsr which are never ieen in cornpany milew at lib 
KonloKlcnl Onrdeiia, and who baa to arrange them gracefully for tha m^ 
without the least regard tn their nnturiU habits. But, if we make aHw 
ances of this kind, the twenty-six pnge-platee — though some af "them tn 
merely woodcuta printed in sejiarnte pages — are excollent of (heir kind, uJ 
vxhibit thn hnbita and character of the animaU in the moat forcible ntsDBtf- 
The matter of the book la moat instructive to the non-naturaUst reade;; nl 
although here and there wn observe conclusions atated— as, for instanea, tU 
conosniing the function of the Enstachian tube — with which wo * 
possibly agree, still It must be infeired that Mr. Wood fans again b th) 
pminnl iiiBtimce auccoeded in [iroducing a most pleossjit nod jmGuUi 
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TniS, the KvoDlh i-dition of a meat useful work, b the second of the c 
whlcli bos bi-en noticed in these pages. And we not« that the woA i> 
in many n'sjinctj mal«rially improved. In the first place, as to the plan, ■«• 
pursued, of printing the title of each article in a solid block type. Tlil 
mode vroa not adopted in previous editions of this work, whidi we 
wondonid at, the more so as it haa been adopted for years in " Braadf'l 



' " Tres»iUM>TS : showine how the infaabilauts of theeorth, ur, and «i 
an enabh'd Ui trHspaas on donuuns not their own." By the Rev. J. Q. W( 
B.A., F.Un. Undon: Seelay, Jackson & Hslliday. 1875. 

t " A Pictionarv of Arts, Maniifnctiirea, and Mines, containing a ei 
Expaaition of thnir Pnnciplea and Practice." By Robert Hunt, P.R&i 
atatsled hy h\ W. Itudler, F.G.S. ; with 2,1KJ illu^traticins. 7th odid" " 
8 vole, Lundoa: Longmaiu. - 1673. 
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Dictionary," which is publishod by the same house. It grcatlj enhnncea 
the valae of the work, for it renders the labour of the consuller of the die* 
tionaij infinitely less than it used to be. We rejfret to learn that the pre- 
eent editor, Mr. Hunt, was so seriously ill during thepreparatioD of the nntr 
edition ; but we must compUuient him &nd his assistant, Mr. Rudler, upon 
the general excellence of the several articUs. Of course these gentlemen an 
only responsible for some of the very valuable contributions which fill theM 
three portly volumes. Of others we may mention the naiiica of a few of the 
more distinguished — Professor Franhland, Mr. Bristow, Mr. Itinney, Mr. 
Warrington Smith, Dr. Nnad, Dr. Angus Smith, Mr. Grevillo Williams, 
Professor Voeloher, Mr. C. V. Walker, &c, &c. Some of the articles 
are of spetaal eicellence, such as those on " paper mandacturo," " nature- 
printiDg," " thermometer," " mint," " lenthar," " Silber lamp," " disin- 
fectant,'' ''woollen manufactures," nnd '' mining." Of these the last is per- 
haps the best and fullest. But others — as, for instance, those on woollen 
manu&cture, diMnfectants, and paper manufncturea — are also pnrticulEtrly 
good and clear ri»unti$ of the branches to which they relate. The type 
remains — with the exception already atoted — the name as in the fonner 
editions, although, as the editor alleges, it has been re-set. So far u we 
have read the artioloa seem excellent. 



^ THE BORDER-LANDS OF INSANITY.' 

WE trust that nil those who are at all interested in insanity will procure 
Dr. Wynter's book and carefully read it. Two chapters— that entiOed 
" The Border-lands of Insanity," and that styled " Non-restraint in the 
Treatment of the Insane'' — are in themselves alone sufFicient to awaken the 
mind to some of the many cases of incipient insanity that daily surround us, 
and of the causes that determine thia condition in many who would other- 
wise pass through life without a trace of mental disability. Further, they 
ahow us how ahominahly, shockingly cruel have been some of our own 
physidans who have had to deal with insanity even within the last half' 
century. Dr. Wynter writes in a most pleasing style, and his book swarms 
irith anecdotes which too truly tell the tale that he wishes to convey. 
We took up the book fcncying that we should find it a useful summary of 
the facta that indicate approaching insanity, but we have fontid it far more 
than thia. And we have been fascinated by the author's stylo nnd his happy 
mode of illustration, and we have laid down the book fully impressed with 
theidea that ifwidelyresdit cannot but effect grave changes in our treat- 
ment of even the Ices noticable cases of insanity. 



■ " The Border-lands of Insanity ; and other allied pnpera." By Andrew 
Wjnter, M.D., M.R.C.P. London : ILobert liardwicke. 1875. 
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Annual Rewrd of Science and Iiidtalnj fir 18T4.— Edited by Spencw F. 
Bftird, with the nsaatance of eminent men af acipnce. London : Triibner & 
Co. 1876, — Tliepreaent iaeue of this wort nppeara an improvement on ihow 
th&t haTo gone before it. Still we do Dot fancy that such n boob will enm- 
maod a iarge aaio. In fact, we do not know who would be likely to f 
cbaae it. Not the worker nt any Icind of science, for it would be aseltu 
him ; and we imagine that it would be hardly of interest to loveia of 
popular scientific research. Wo think that Mr. 8, F, Baird has dsae hi 
work well. 

Arithmetic in Theory and Practice. By J. Brook-Smilh, M.A,, LLB, 
Snd edition, London: MacmiUan. IS7o. — Thb Beemsagviod and dear boob 
The author evidently taken considerable pride in his work, which hM 
done lucidly and comprehensiTely. The addition of so many examiniliai 
papers ia decidedly of advantage. 

Jieliquus Aqmianieee : being contributions to the Archaeology and File- 
ontology of PiSrigord, by E. Lartet and 11. Christy. Edited by T. Ei^ 
Jones, F.U.S., etc. London: Williams & Norgate. May 1875. Thi»ni 
her, which promises to he the lust hut one, is occupied by two very intawit- 
Ing papers. The first is by Professor Milne Edwards, of Paris, and it npoa 
the bones of birds from the South of France caverns. The second ubyDn 
E. T. Ilamy, on some bones of a fassU man that have been obtained & 
Le Madeliuae ; it is a short hut a good contribution, and it is illustmUd bf 
a splendid plate, done in the very best Paris style, and giving several tfpi*- 
sentAtions of the bones. 

Wo have received the following : " An Introduction to Ijogtc ud lfel^ 
physics," by T. 8. Bassett, F.L.A.8.— " On certwn Theories of Solar 8Wifr 
ture," by 8. P. Langloy. — " Oar Barren Lands," by Oenenl W. B. lEaUB- 
A capital account of the barrenness of certedn parts of America tluil «t 
represented by emigratioa agents as flourishing portions of the New Widi 
— " English Hospitals ia their Sanitary Aspects," by G. Buchanan, SLD.— 
" Becreativo Science : a Pleo for Field-clubs and Science Associationt,' Ij 
a. Page, LL.D. — " Goological Evidences of the Antiquity of itta," kf 
T, Karr Callard, F.G.S.— " The Patent Question in 1875," by B, A. Ml ° 
— " The Potato Disease, etc.,'' by E. Uaigb. — " Inaugural Addiau of tU 
Psychological Society," by Mr. Serjeant Coi, — " Sixth Annual Beport rf 
the Board of Health," Massachusetts, U. S. A.— " The Law of Inhntituett 
or, the Philosophy of Breeding," by E. L. Sturlevant, M.D.— " Aerial IiOe»- 
motion," Pettigrew and Marey, by Professor Coughtrie, — " The Tnnatrf 
Venus : its Meaning and Use," by T. H. Budd, F.K, A& 
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of cAr greae cas ani iOir AxkTicijv ami^ nKnv »U. ^y VmuU «v^^a\^ ^^^^ 
the Surt Pcial. viick I Ve&T« 'wv^old W thii* ^TMyHv^^l s^lf «%U K^^^^^i* * m^ 
nantieml ckrxnortrr. Shooli seit ipxt^si»kkn \^ %M)r »^^v«^t^(l\^ \\%^A «'^>'^ 
be coiitempl«s«d, I waoli reniEuk Uiftt thf^ 0Wl^m^M7 i« n^l \\\<^ \0v'o « '^ 
new phTBcal inTesdgitkoft. It b wif'll mU^^hnl t\\^ t\^\\o\\(«\>\ y^\\> >^«^n 
which, origixuitiiig with priimte inrwtijfntowi* h«v«^ W»m\ v«mU»^»»m^ «»» <»*^^ ^ 
BUBceptible of Terificttion by didly obwrtMlim," Wo \^^\\\\^^ v»*n N^«n»0\ 
commend the tone of these suggwitionii for thn fuiuhv ri»»»v o»»ntM|*.»H.I. 
however, to the yiews which havo b«»on hnWtunI with Mli H V»n I^m 
many years past, and which are natural whou tho nrlrthmtUMi •»! n**^^ »'i»<'»« 
has become to some degree a labour ami a toll, II U «•• luu •»» •••hI.m ♦•« 
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direct B number of nsNetAnts to do daily such and mich work (eoggi^H 
priTote inveatigators) than to guide a scheme of opemticins, noting tl 
resulte obtained, and modifying graduallT the method of procedure until 
Inst some great scientific truth has been educed. We ahould be anwilliiig 
-were not scientific interests too manifestly at alAke, to indicate in thi 
the signs and effects of the want of originaliDg power which neci^saanl; 
fat any rate, almoBt invariably) shows itself with advancing jenM. But 
the point is one which will have to be noted before long, if this country ii 
to ndvance as rapidly in scientific matters as it might do. It is not necv- 
snry to draw uopleasant comparisons between the ABtronomet RoylTl 
TJewB and those, aay, cf the younger chief of ttie Washington Obserraloij. 
It will sufiiee to compare his present views with those he held eigfattcB 
years ago. Then (see Report to the Board of Visitors, 18G7), speaking of 
a proposed addition to mere routine work, he eali : " Whether the . 
wilt he to add millions of useless obBervntJous to the milliona alntdj 
eiisting, or whether something useful may be expected to result, I etnni 
hazard a conjecture," a remark which De Morgan justly chamcteriMd m 
" conjecture and a very obvious one ; " showing that " Mr. Air}- would oot 
have given 2j(( for the chance " of a useful result A'oic, routine obMm- 
tiona alone are recommended. 

Thia leads us to make a few remarks on certfun reports which are ablwJ 
aa to the successor whom Sir G. Airy and some of the Admiralty officMt 
wish to see appointed. There is one name which every one would expecl 
to hear. One astronomer, trained in observatory work, practised as anob- 
servatory chief — two essential points — is also distinguished in EnaUnd ttJ 
abroad as facile princep» among English mathematical astronomera. M119 
wiil be surprised, and not a few will he puned, to leam that that gnal 
astronomer is not (it is said) selected, io far as the selection dcpeodt un lb 
present Astronomer Royal ; but another, a most estimable, energetic, «b1 
able man, but comparntively unknown. Now apart frfim the injury inJIctU 
on English astronomy, if our greatest mathematical astronomet wK* 
Newton should thus be passed over, we would point out that imipuibb 
mischief will be done to Sir O. Airy's reputation (which Rnglishmon Ttlu 
highly) unless this rumour should be proved by future ovents t<) have bM 
ill'founded. .\^uming that the eminent astronomer indicated will hoouu 
the office by Accepting it, if be should be passed over (in favour of any ma 
■oever) every one will conclude either that SirG. Airy was unwilling to b 
followed in ofGce by an astronomer more eminent than himaclf, at ihU 
the grave injury which (unwittingly, but very rejJIy) he infiicted on lU 
aitronomer thirty years ago rankles still in his remeiubrauce, a* iquii* 
inflicted on others are too oflen apt to do. We trust, however, Uut Al 
rumour will prove to be wholly without foundation. 

Edijat of Api-itQ.—la the Ust Summary we pointed out the fid iW 
the arrangement proposed by the committee of the Royal Sodity f» 
observing this twlipse could not, possibly lead to any useful ruult, sa^ 
because faint light of small chemical activity was expected to dn wot 
which stronger light of greater chemical activity had failed to do, in 1^ 
same time. Nature not being apt to vary her laws even to (iUig« M» 
initte««, the result has naturally been UmI tlio expedition aent out ■»'■' 
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Lhe auspicea of the R. S. Committee bos resalled in absolute failure. Vt'a 
bope (but, judging from pjut eiperieace, we MsrcelT expect) tbU the leaaoD 
ffhieb this result ougbt to tetudi will be leamei) and remembered. 

Fhotoffrapht/ in the Tramil of ?«««,— A disciudon hu ariseo u to tHe 
best waj of photogTSphing Venus in tnuisit. In replj to objectiomi raised 
by Capt. Abney to the American or long-focal system, Mr. l*roctor, in Iba 
Nolicea of the AiitronomicAl Society for April, mmk«g the follavring remark* : 
" The Amecicaa Transit Committee, after many experiments aud long in- 
quiry, came to the conclusion that the diameter of the Sun, ai depicted by 
the pbotobeliograph, could not be Bseertained ("at least witb the eitieme 
accaracy necessary for determining the boIm pnrallax) either by ciilculatioa 
(depending on the optical adjustments), or by direct measttrement, or by any 
practical contrivance, such as photographing a scale. On the other hand, 
they consider that reliance can be placed on the calculated scale of a picture 
taken at the principal focus, while the centres of the discs of Venus and 
the Sun can be determined accurately, because each centring results, not 
from a single pur of measures, but from as many all round each limb as the 
observer may wieh to make. Of course the position of the centres may be 
determined in the same way, from a photoheliogrnphic picture ; but no ad- 
vantage results if there is no trustworthy scale of measurement. This, then, 
is the point at issue, viz. whether a trustworthy scale can be obtained. 
The aTailable methods are (i) calculntion, fii) nieasuremeot of the pictured 
solar diameter, and (iii) photographing a scale. As to the first, I apprehend 
that there can he no comparison in point of exactness between the calculatal 
scnleofapicture at a principal focus and that of n picture optically enlarged: 
It ii only necessary to conwder the optical adjustments and relatieos in- 
Tolved, to be assured of this. As to the second method, it matters littla 
whether photographic irradiation be targe or email ; for at the lowest estimata 
ever yet made, the effects of irradiatioti must be fatal in such a problem as 
detennining the solar parallai : npart from this, we now have evidence 
ahowing that the photographic sun is really larger than the optical sun. 
As to the third method, it seems sufficient to note that the use of a photo- 
graphed scale introduces of itself a probable error as large as that in single 
measurements of the photographed disc of the Sun or Venus; and such an 
error would be fatal in a problem of this kiod. The fact poiated out by 
Capt Abney that daguerreotypes ' are subject to much greater fluctuations 
of expansion than are glass negatives,' seems to counterbalance the superi- 
ority claimed for them (by Sir G. Airy at the January meeting) in point of 
deSnition. It may be hoped that before the Transit of 1882 photographers 
and astronomers will have decided on some one method of photographing 
VenuB in transit. The qualities of the various methods employed on the 
present occasion will be sufficiently indicated during the examination of tha 
complete series of transit obsorvatioos. One point seems already clear, viz. 
that contacts determined from photographic records difler from contacts 
observed with the telescope, the photographic sun being larger than the 
Bun we see. Hence greater reliance will probably be placed on mid-transit 
photographs. This country is affiirded a noble opportunity of serving science 
by providing Southern stations for tids purpose in 1882 — an opportunity of 
which it may be hoped that she will avail herseir." 
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In a reply to thesB remarliii, Mr. Chrigtie. chief MfflsUni nl Oppenwid^ 
mokes the aomewhnt stBTtliug ataertbn that the diametet of Vooiu i 
much diminiBbed hj phatognphic irradiatioQ as lh«' diiuneter of the ti 
increased, and thitt therefore the mm of the dinmeien is not affectal tt 
bU. But it cannot be admitted that the diameters of Venus and the nut 
are affected to the same degree by photogfntpbic inBdiation. Tht- blackuM 
of Venus and of tbe sky round the sun may be equal, but tho briglitiMtaf 
^the BUD near the limb is very inferior to the brightness uear the cei 
This Ihmiliar fact somewhat weakens Mr. Christie's ar(ninient. But, to 
truth, DO one wlin has studied a pholographic {ncture of tlie sun no ( 
pare the definition of the limb even with tbe definitioa of a emi-spot, hr 
lees with that of a planet in transit The appearance of the projected in 
of the transit of Mercury, in Norember 1861 and 1869, oorrevponded janiaij 
with the appeiirtuicc depicted in pbotngraphs. 

Dr. Buthorfurd, in Part I. of " Papers relstiii(t to the Tnutat of Veiiit 
in 1874," • Bays ; " The photograph of the son will have n grealerottM 
diameter Aj/ Tnany tcondi of arc, according to the enerifj of tho i»y» wl * ' 
haTB produced the image; and this discrepancy may be produced by a ebi 
in the aperture, in tho length of expasure, in tbe transparency of ih» »t 
sphere, in tbe hour of tbe day, or in the sensibility of the chemicala.' T^ 
assume that tbe diameter of Venus will be aRected in prediply the ■ 
defrree, notwithstanding tbe marked dilference in the condition*, se 
Bomewhst unsafe. In tbe same series at papers all the points recently ti 
in defence of the photoheliographic method and against the loBjr-b'*' 
method have been fully considered, 

Sright Arc geai round dark lAttA of Vmiu in TVannl.—Mr. RiumH 
Goveroment Astronomer at Sydney, has obtained photORrapha sbowingtW 
bright arc seen around the dark part of the disc of Venus between A< 
epochs of external and internal coutnct. At the meeting of the Aslrononi^ 
Society in May. after describing this appearance, he eipre^ed 4w*" 
whether the bright arc is really due to the refraetiTe action of Vegan 
atmosphere, because that action would disperse the refracted light htvnm 
tlio earlb and tbe sun. This is true of the totality of light so refracted. I' 
it does not affect any small pencil of light such aa the ohserrer'i 17*" 
telescope could receive, In fact, the same reasoning would show tbit tb« 
■un, as seen by us after geometrical sunset ftbat is, when a stnught liatts 
tbe aun's upper limb is truly horizootaD, ought not to bi> seen, becooM tt* 
«r is refiwcting the solar raya diTergingly. 

Diatne'er of Venta, from recent Tmntil ObMrraliaiu. — Colonel Th 
from an examination of the recent transit ubaervattona, get! tho USU^ 
TDSult as to the dimensiooe of Venus : — 

Mean semi-diameter at mean distance S'"4iiI8 -f 0''1M(M 

The following det«<rminations hod previously been ofatninod : — 

Encke, from transits of Venus S'SOS 

Airy, measures on meridian 8-9S) 

Main, micrometer (double image) .... 8-7Tfi 

Stone, measures on meridian 8*473 

riummer, micrometer fdouWe imnge) . , . 8fl81 
The value used in the Ampricau Nsuticsl .Umonan . 8-SI9 
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^m tie Star Gl Gemiaorum. — Mr. Wobb mnkes the following remarks ou 
}l1s ttu .- — " Tbfl Btar known aa Ul fJriniaui-um waa entered in Ilia Bedford 
I^Mologiie na double, 7^ oaA laa^nituJe!*, with a position-aDgle of I ICT 
tnd a distance of 00", the colour being recorded na deep yellow and yeUow- 
mk. I axomiDed it with a 3j^inch achtoraaUc, March 23, IMS, and en- 
tered it ' wliite, eingle.' There could be little doubt as to ita identification, 
&oni the neighboiuhood of the double star l^ III. J8. February 14, 18C5, 
liaiing taken pains as tn its identiticiiticn, I again found it, with ths Eame 
initrument, ungle and white. I noticed, however, on this kttet occasion iva 
exceedingly minute star, not above 11 mag., which might agree aa to 
listnnce, but with a very roughly estimated angle of lt<6° or 100°. In 1801 
lod 1871 the comes was invisible to Mr. Knott, with all the advantage of n 
r^inch Alvan Olark object-glaaa. I belie\e I have never looked fiir it 
noce, but have been lately interested by linding that it hoa been recovered 
this spring by Herbert Sadler, Esq., of Honiton Hectory, the eitreme acute- 
Dess of whoee viaion, in the use of a Clinch silvered minor by Calver, ia 
Ut^ted by bis recognition of several most delicate and difficult objects. He 
pve» it only 12-5 mag. at about the right distance, but with an estimated 
tngle of 100° to 105". It seems, therefore, probable that, unless we can 
luppose an error in the figure expressing Smyth's magnitude, we have here 
i variable star, which it would bo desirable to examine closely, and with. 
InBtnuuents capable of giving a defiiute value to the angle of position. The 
posnble change of colour alao in the principal stu merits attention. )Iy 
iwii 9j-inch speculum being at the present time dismounted, with a view to 
the ultimate perfection of iU figure, though previously very good, I am 
mable to contribute any information on the subject." 

Monihiij Notiees of tlie Asfroiinmical tiadelij. — The poverty of these re- 
jently baa been so remnrksble as tu merit a passing word of comment. 
nith the expectation of securing for these papers something better than 
nere burial at tho Society's rooma, they were made purchasable by the public, 
18 isoued, at a shilling per number. Bui the Society can hardly expect to 
and any considerable number of persona, however interested in science, 
grilling to pay the price of a good monthly magazine for some thirty pages 
»f matter, most of which, for any value it has, might as well have remabed 
n the Observatory note-hooks from which it would seem to have been 
)xtract«d. In the lost two numbers there are not ten pages of the least 
irientiAc value or interesL One or two valuable but short mathematical 
Mpera from the editor, three or four very short papers relating to the 
recent transit, and a few remarks on double stars and a star of large proper 
uotion, are all that even the Fellows of the Society can be supposed to care 
Cor. Tlie scientific public ought to be considered, or else each number 
Slight to be priced according to its value. Threepence, for instance, instead 
sf two shiilingB, might fairly have been asked for the last two numbers 
together. The matter is more serious than many suppose; for y^T'^ general 
intenflt might be drawn to the proceedings of the Astronomical Society, and 
tlius to astronomy itfaelf, if an effort were made to make the monthly numbers 
more attractive. It is, however, nobody's business, and therefore nobody 
(of late, at least) seema to have cared to do it. Moreover, if any Fellow of 
the Society who has got himself elected to the Royal Society haa m^tlu&^ I 
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or renl interest to my ou aatronomy, be does not commimioate II 
Sociutf upecially devoted lo astronomy, but to the Rojol Society. 
H-dozeu students of astronomy would resolutely, itnd for a good while I 
logetber, stand by the Astronomical Society, ceding sbatriicts only of their I 
results to the Roynl Society, aatroaomy would gnin largely; but we fi 
there is no chance of this, the mischief vhicli exists being il«elf the ei 
of the continuance of a miachicTous syateai. 

TAfl Planet Saturn, — This planet will be in oppowtion 
August lOth, 

Annidar Edipte of the Shw.— There will be an 
on September 2!), visible as a partial eclipae (betwi 
at Greennicb), only IIO thousaudths of the sun's dinmeter being a 



BOTANY AND VEGETABLE PHYSIOLOGV. 

TAe Lectjlhidacra. — I'rofeasor Asa Gray, in noticing the large memoir « 
this subject which the LinuiEan Society has recently iasued, says (" SiUimM'i 
Americnn Joumnt ") that it is a splendid memoir, of 6J pages and 33 pUlM 
large quarto, funning' the second part of the 3Dth volume of the "Tniui^ 
tioDs of the Linntean Society," 1^74, a wonderful piece of work foe i diU 
of Mr. Miers' great age. He proposes to restore the Lecythidoai or Lei^tlu- 
dncGFe as nn independent order. The plates illustrate the floral structanof 
the twdvti genera which the author recognises, and the fruits of oiMt^ 
Ihem. It is a remarkably interesting group, consisting of huge Inw,^ 
tropical American, with siogular flowers and large woody fruits, a soitff 
pyxis, containing numerous nut-like seeds, of which Bnuil-Diils (from Ar* 
i/iolUtm e.iCfUa) and Sapucnia-nuts (fiom a species of LecythisJ are wiU- 
known examples. Few botanists have had the opportunity of propolj 
studying these noble plants, aad no one has devoted to them su niach aCtsD- 
tion as the veteran Miers. 

The difi-reiit Pari» of a Floral Whorl, which are by no means well pel fa" 
ward iu our text-books, have been recently pretty fairly put befon i^ 
reader. Dr. Eichler, of Kiel, has (according to " The Academy," SUy ^1 
recently published the flrst pnrt of a work entitled " Uliitheudiagnunme,' 
in which he illustrates the inflorescence and flowers of all the monocDtjl*' 
donous aad dialypetnlous dicotyledonous families of which he has beea (U* 
to examine sullicient material. The actual and theoretical diagrams afnu** 
of the diflerent modifications of arrangement are ^ven, oud botaniils wi" 
find it a very uuful book ; but in ita German form it must remain naint^ 
gihic to many. The theoretical diagrams of many of the nKinocotytedauM' 
families, fcuch as the Grumineffi, Cyperaceai, Centroiepideie, &c., an ''^ 
interesting, and in all cases there nre copious references to existing litEiatai^ 
To complete the symmetry of the flowers of soino groupa iiivoliei bjbA 
labour ; hence it is not surprising that there are many blookF, nod that ai^ 
direnity of opiaion still prevails regarding the nature of snnie etmctu* 
The relative dignity, ai it b termed, of the diflerent organa of a BowW ^ 
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B ft debateable point, and tbeiefore mauj of the dingrama woulil require 
modification to suit difierent TJewB. 

Enlargement of the Kew Buildingg. — We learn from a contemporary that 
R new buildiog will probably be erected at Kew to receive tlie natiomd 
botanical library and the immenee collections of dried plants at present 
deposited in a bouse wliich is too small and otherwise very inconvenient 
for purposea of study. The Talue of the collections at Kew to workin 
botanisU cannot be over-rated, and the admirable manner in which thej ai 
arranged is beyond all praise. There may be some dilference of opinion as 
to the desirability of amalgamating the collections at Kew and the British 
MuBeum, but none as to the facilities and assistance afforded by the officerB 
of both establish menia to botanists in their researches. The only objection 
-we can see to the maintenance of two collectioiis is the possibility of the 
officers being rirala in the acquisition of additions to their respective estab- 
lishments ; but a proper understanding between them would remove this 

Heer'g Arctic Flora. — \ third volume of this valuable work has been 
recently published from materials collected by the Swedish Polar expedi- 
tions under the direction of Professor Nordenikiiild. This volume admirably 
completes the work, by the superior character of its execution and by the 
interesting facta which it discloses in regard to the geological floras of the 
Arctic and Polar regions. It contains, Ist, a paper on the Carboniferoua 
flora of the arctic zone (eleven pages and six plates) ; 3nd, the Cretaceous 
flora of the arctic zone (one hundred and forty pages with thirty-eight 
plates); 3rd, anappendi.t to the Miocene flora of Ureenland (three pagesand 
Are plates) ; and 4th, a general division of the Miocene flora of the arctic 
zone (twenty-four pages). 

T%e Med Colouritig Mtitttr of the Algig. — A paper was road before the 
liinotean Society (May 0), " On the Characteristic Colouring Matter of the 
Bed Groups of Algro," by Mr. H. 0. Sorby, F.R.8. Mr, Sorby gave an ac- 
count of some ofthe leading characters of the various remarkable blue, purple, 
ftnd red substances, soluble in water, characteristic of red Alg^. The com- 
poond nature of tbe solutions obtained from the plants may he proved by 
the TBTjing decompodni^ action of heat on the dilferent colouring matters. 
Ho also showed that, though the Oscillatoria and Floriden both yield closely 
related colouring substances, their specific differences serve to separate those 
two groups of Algce quite as much as their general structure. Connecting 
links do indeed occur, and the further study of this question will probably 
yield interesting results. Specimens illustrating these facts were exhibited. 

Flora of the Uland of Aiimttiidam.—The " AtheoBBum," writing on this 
subject, observes that it is a curious fact that tbe little island of Amsterdam, 
in tbe South Indian Ocean, is known to be covered with trees, whilst the 
island of St. Paul's, only fifty miles to the south, is destitute of oven n 
ehrub. Botanists have long been anxious to determine the character of the 
Amsterdam forest, but the difficulty of effecting a Ittnding on the island has 
irenerally prevented the collection of specimen;. In a late part of the 
'■ Journal of the Ltnneenn Society," Dr. Hooker announces that at length he 
Las received the desired specimens, these having beun collected by Com- 
modore Ooodenougb, who states that they represent the only speciea of trea J 
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growing do tho ialnnd. Dr. Hooker identifiea this with tho Titi/liea nrhan-a 
of TLouiLTS, a tree which, atrnngely enough, is round in Ihtt reatoto hitid 
of Triatan d'Acuoha. It ia a curious problem let those who study iiual«r 

ras to suggest how the Isnme plant ciin have established itself oi 

o little specks of land, separated frum eacli other bj about tire t^ioniMid 
toiles of ocenn. 

The PhytioUigij of Mants. — A good et^p is ineiBg tnken in ASMrici 
towards the Btudy of physiology of plant lite. It soems that in B p«pu 
mtitled " Observntions on tlie Phenomena of Plant Life," by Mr. W. S. 
Clark, Fresideot of the Slate Agricultural College of Massachusetts, n 
have (says " The Academy," May 15) a record of n most inlerestiogseiiMi 
experiments instituted to detennine; 1. The atructure, composilian, u 
arrangement of the winter buds of hardy trses and ahiuba ; 2. The pn- 
jotoge of water to be found in the briutcbes and roots of trees daiof 
their annual period of repose, aa well as whea in active growlJi; 3. Tli* 
phenomena and cause of the flow of the sap from wounds in trees wiiai 
denuded of their foliage, as well as the flow liom the stumps of woody ud 
herbaceous plants when cut near the ground in summer ; 4. The stracton 
and functions of the bark of exogenous trees, with special refeti^nce t 
circulation of the sap, the formation of wood, and the eflecta of girdling; G- 
The expansive force of growing regetabla tissae. A number of the offictn 
and students of the college co-operated with Mr. Clark in conducting lU 
inTestigationa, and all the details of the work appear to have bsen o^ 
served and recorded in a most conscientious manner. The results, gensnl^) 
hear out the theories held by the moet eminent physiologists; but the n 
velloiu vital forces revealed are surprising, oven after all we preiiixidj 
knew of the lifting powers of plants. Possibly some of our readen xUI} 
have their doubts respecting the accuracy of the data, and the :i 
ployed to register the forces. The experiments undertaken to m 
expansive force of growing vegetable tissue illuatrated this p 
B most remarkable and indisputaUe manner. The subject eboa«u tat tUi 
purpose was the squash or mtuumiith pumpkin, Cuairlnta me 
experiments made on it are fully described in ■■ The Academy " refamd t* 

Mr. SerkeUt/'s Obarrealioiu on Agaricut OKojihorut. — The fdloitill 
remarks of this distinguished botanist are from the "Gardeners* Cbmucle' 
(April 17, 1875) :— " We have lately received, through Dr. M, C. Cook*, t 
spedmen of Ai/ariau aacopona (Peck), sent by that gontlomen from ?■•« 
Yoric. The species clearly belongs to the subgenus FlnmimUn, and •* 
therefore felt greatly inleresUd in examining the gills for tha saffo^ 
asd. We readily discovered the bodies in question, but we could b;M 
means satisfy ourselves that they were really aaci contuning speridia. '~ 
singular matter is that besides these bodies there are forked aacidia, wl 
are far leas numerous than the bodies in question. These, accanliog W 
Mr. Broome's and our own observations, at« shortly pedicellate, somnrW 
top-ahaped bodies with a reticulate surface, the reticulations ir 
number with the process of prowtli. We do not at all consider tl 
■sd, but as analogous to the hispid bodies which occur on the gill* nf nB* 
■pedes of Maratmiiu, and possibly of tho lame naturv tritl ihu i 
bodies which ore so obvious on the pileus of Maratmiiu Jtudtoni, 
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that Mci have been observed on the gilla o£ Agaricua melleus, but lbi» ^ 
probably' due to the preaeuce of tasae epeciea of Hjpomycea ; nud tho 
obaerialion boa not been coiiSrmed. Indeed, lute esuniitiatioos of the 
aporea of boihb Copn'mai under germination seem to sbow that impregna- 
tion takes place at a ver; early period, and that the reault is a sporileroua 
foDgoB ; M in AKoboiut or 1-esaa, we have from tbe »atue process a spari- 
diferous fungus. The a^oteaoiAtjaricuaaacryihorM were liku those of allied 
Flammuia, and were '0001 in. in length. The dried gills did not «bow the 
vfdculcs when moistened." 

liemediea fur the Viiie DitMise. — 1 1 appears, from a rtport supplied to the 
French Academj', that the moat etiicacious remedies for Tines attacked with 
the phylloxera are oikaline sulphocarbonutea, that of ftvda being the mnst 
effective. It is applied in solution, and destroys the iusecta without ia- 
juiing the vine. Not being, us yet, an urtide of commerce, it hns had to be 
speci&Llj prepared. It is expected to be itn economical application when it 
come* inUi general use, and a large demand is created. 

77ie late Mr. W. WUton'e Most Herbarium baa, according to the report of 
Mr. Carruthers,F.R.S.,been acquired by the British Museum. Thu reporter 
Bays ("Journal of Botany," June; :— "The most important ncquiwtion is the 
mods herbarium of the late Williaiu Wilson, of Warrington, the remaining 
portion of which was purchased from bb executors during the year. Mr. 
Wilson had devoted bio life to the study of mosoes, was the author of the 
standard work on ' British Mosses,' and of numerous memoira on exotic 
species. Ills extensive herbarium contains the type specimens of those 
Tarioua works, and it abounds in original drawings prepared with singular 
accuracy, and with manuscript notes of great critical value. It consbts of 
a collection of British mosses and Jungerniauniew, as well as a collection of 
fureign specimens of these two orders, The British herbarium is accom- 
panied with an extensive correspondence with muscologiats, and iocludea 
niimeraus authentic specimens from Dawson Turner, Th. Taylor, t>ir William 
Hooker, and other authors of species. Mi. Wilson's herbarium of foreign 
moeaes coutaina type specimens from the herbaria of Montague, Bruch, 
Schimper, Angstrom, Muugeot, Zetttirstedt, Hookej', Arnott, the Paria 
Museum, &.c.'' 

lUlam uf the Bolamd/rom Mr. Margary'a E.vpedilion.—Tha "Journal of 
iiotajiy " (May, 1&75) stales that Ur. John Andereon, the naturalist to the 
recent expedition ia South-Eastera China, which met with so much opposi- 
tion from the natives, and resulted in the death of Mr. Margary, has returned 
to Calcutta, and is now on his way to £tiglauJ. He succeeded in escap- 
ing with his life, but last all his property, iududing his collections and 
apparatus. 

Farit Sotanical Prizea. — The Paris Academy of Sciences has awarded 
Ihe following prizes for botanical work ; The Barbier I'rize (iu part) to 
M. I. Cbntin, for studies of the Valerianea; the Uesmozi^rea (1473) to 
il. M- Cornu, for a monograph of the Saproleiptiea ; and 1,000 Irancs to 
M. Bomet, for his labours among licheaa; 1,000 francs to M. Lefranc, for 
hia paper on Atraciylis gummifer : the Deamaiiirea (167a) to M. Girodot, 
on the Le«>aneaci<e (Algie) ; and 1,000 francs to MM. Van Tiegbem and 
Lemonnier, on the Mucuriucif : the Bordin (1873) to M. J. Vus^ue, for the 
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The Cahnrinff Matters qf IVatttt. — A most iniportwil paper on thiml; 
ia that by Herr N. Pringaheini, in the " Journal of Botnny" far Ajiril (w; 
duced from the " Monatsbericht " of the Academy of Berlin). Tie «ay», to*Md» 
the concluaion of hta TaliiBble paper : " It must now nppenr evident wbj I 
could nut agree with Fremr, Fithol, or Kraiis in their desrriptinn* ol ibii 
green and vfUow chrumule», and etill \e»» with Sorbj respecting the m 
chromules which he alleges to have obtaini^d from varioua plants, and vluci 
he regards as distinct and undecompoaed substances pre-existing in 
plants, and capable of definite nnalysiB. It is certun that many of tli 
chr<>n]ulesiiiust have been deprived of their original spectrum cbancleriilin 
by the treatment lo which they were subjected. In the detetmiiuiticii oS 
the spectra, moreover, the inUuence of the solveuts, that of conoentntiot. 
and of the thickness of layers, seems to have been equally disregarded, 
is clear that a single epectrum can ^ve ub no adequate infonuation t« to iltt 
absorption phenomeua of any chromule, unless we are acquainted bsfor^ 
hand with its phases of absorption, and know to which phase of the ]Mit 
it corresponds. Sorby has nowhere stated, with reference to his yflto* 
chromules, to which he ascribes two separate bands in the blue, t 
extent the various positinns of tbebacds are influenced by the solvoitis Mr 
how they depend on the thicknesaof the layers; nor does he stale, that «i 
an increase of the chromule additional bands do not appear. I doabl sat 
that the whole, perhaps, of hia yellow chroaulea-^one only eicepu^ 
would suddenly reveal also the chlorophyll bonds of the firat half, if nJl 
method were applied." 

The Membrana yuctei in the Seedt of Cyeadi. — A rery capital papet **< 
read on this subject before the Linncean Society, by ProfesMir ThinUn 
Dyer, which is thus abstracted in the "Journal of Botany "(April, 187S):- 
'' lleinzel had described this as a cellular sCmcture, the cells of irbich biJ 
thick walls penetrated by ramifying tubes. There was reason, howeteE,fot 
believing that the membrane only represented the wall of a single cell. uJ 
was in fact probably the greatly enlarged primary cmbryo-Hac. Wkil 
Heinzel had taken for cells seemed really to be solid, Tbey wen tmiff^ 
all over the membrane, after the fashion of what carpet manufactur*n call * 
' moss pattern.' Tbey were possibly the debris of the thickened wails of ll» 
cells of the nucleus which had been destroyed by the enUt^tement of 1^ 
primary embryo-aac." 

The Obtervatioa of Hanlt. — A conference consisting of delegates boa ill* 
Agricultural, Botanic, Royal Dublin, Horticultnral, and !VIet«einl(ig<c>l 
Societies, has, at the request of tbti last-mentioned, drawn ii 
ntructiona " for the observation of the appearance of certain planle, invrt'' 
and birds. In the preparation of these instructions the conference wis ptiAj 
assisted by the Rev. T. A. Preslon, of Marlborough College, who haoworii'' 
for many years laboriously at such records. A listoreeventy-uneof thvn ' 
widely-distributed and commonest plants is given, and ihoeu who tus^ 
undertake lo observe so many are requested to pay attention to f««t«a> 
tliem printed in capitals. This is followed by some very u 
siructions, and a table of the averagQ dates fair ten yean, n S 
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Harlborough, of the iipp«arnDce of the Tarious species. So far as appears, i' 
is only the observation of the daCti of ^t dowering that is required ; Ih» 
adTent of other phases of Tegetable life ia no doubt leas capable nf definite 
deteTminatioD, but would seem to be desirable. Blanlt forma for tbe record 
of " Phenological Phenomena," as the appearances of nnimats and plauts 
are awkwardly styled, can ho obtained of the Secretary of the Meteorological 
Sodetj, 30, Great Georgn Street, S.W., to whom also the said forme are to 
be returned at the end of each month. 

I 

^^^ Tit Mode of determining Glyccnn and Succinic Acid in Wine, — M. Mau- 
^^■ene haa published n recent paper, which has been abstracted by tbe 
"Chemical Kewe" (April 33) from " Les Mondes." It leema tbat the 
author holds that the quantity of these bodies, as produced by the fer- 
mentation of glucose BimnllaneouBly with alcohol, wili be proportionate to 
the latter, and that the exact knowledge of their amount may thus indicate 
the quantity of extraneous alcohol added to wine. He prepares hydraled 
oxide of lead by decomposing a soluble salt of that metal with potash, end, 
aiWr washing it well, suspends it in water. To half a litre of wine, con- 
centrated by evaporation to 335 c.c, he adds oiide of lead enough to cause- 
every trace of colour to disappear. A grey precipitate is formed. Filler, 
wash the precipitate, and evaporate to dryness in the water-batb, Trent 
the evaporated residue with absolute alcohol, holding a little hyd rated oxide 
of Lead in auapenaion. Stir, leaving the miiture to stand for some hours, 
and filter. The liquid thus obtained is colourless. If submitted to a 
current of carbonic acid it grows turbid, but becomes clear again on 
filtration. It is dried at 110° C, nnd weighed as pure glycerin. To deter- 
mine sticduic acid, treat a litre of wine with albumen, or rnw hide, in 
sufficient quantity to remove all the tannin. Mix with hydrated oxide of 
lead (after concentration) till tbe colour is entirely removed, and preserve 
the filtrate for the determination of glycerin. The precipitate is kept for a 
long time in contact with boiling water, containing about 10 per cent, of 
nitrate of ammonia. The dear liquid, obtained on fresh filtration, con- 
tains all the succinic acid in tbe state of succinate of lead, besides other 
salts of the aame base. It is treated with sulphuric (sulphurous^ acid, and 
filtered again, when we linve a perfectly colourless liquid containing free 
sucdnic acid. After having heated to espel the eiceas of sulphuric (sul- 
phurous ?) ncid, the liquid is concentrated to about 100 c.c., and neutralised 
with ammonia. Heat sufficiently to expel any excess of ammonia, and add 
afewdropa of ferric chloride, which has been previously kept for a long time 
in contact with sesquioxide of iron, so as to ensure the absence of free 
hydrochloric acid. Finally, collect the deposit of succinate of iron which 
(onus, wash it well, ignite, and weigh the residual sesquioxide. This 
weight, " l'07ti, gives the quantity of succinic acid existing in the qunnUty 

taf wine analysed. 
wMj/drogen in the Metali.— It ia stated by M. M. Troost and Huutefeullltr 
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tliBl ('' Comples Reodus," Mucli 39) poUsMuiu, Bodium, utd paUidiua 
combine with hjdrugea, 'whilst n coiuid«n1>l« Dumber uF athet mcUk 
merely diaaolve tliis gad. Iron, nickel, cob&It, and monganeatt ciB'ct ttnkia^ 
analogiea in the manner in vhich tbej' behave with hjdmgea at diffcnnt 
temperatures. The fadlity mtb which thej »baotb or give off hj^diugw 
gaa depends greAtlj on their physical condition. An ingot of pure oidn! 
gave out, in a vacuum, al a red heat, one-oxth of it^ volume of hydro^ 
Lttmins of nickel, obtained electroljticall}', gave out forty timw tlw«r 
Tolume. Pulrerulest nickel gave out one hundred timea its volume, ud 
lemuned pyrophorio after the escape of the hydrogen. An ingot of coWl 
gave out one-tenth of its volume, viectroiytic laminee of cobalt thirty^t* 
times their volume, and pyrophoric cobalt powder one hundred timu. It 
also remained pyrophoric aller the loes of the hydrogen. Sort iian ii 
ingots gives olf ooe-siKth of ita volume, and grey cast-iron more tluo (&• 
h^. Electrolytic laminn of iron gave oti 2U0 volumes. In fine, it tHf 
be said tlutt iron, nickel, and cobalt absorb directly hydrogen gw, IM ■■ 
cannot be said that combination ensuu^juEt ae has been altead; ahMBlB 
the case of lithium and thnllium. 

CarUmi" Aciil in IM Air. — In the recent balloon ascent in (be "2mA' 
by M. G. TiBsandier, that gentleman examined the amount of carbonic tH 
pre«ent in tiie air. At the altitude of 800 to 600 metres, at the temptnUi* 
of 0°, and the pressure of 760 m.m., the amount of carbonic acid in 10.W 
parts was 2'40. At 1,000 metres the proportion was 3<X). TheM difieiencN 
are within the limits of variation of experiments made on the aurlaceaf Ai 
esrth.— Corn/jfM Sendta, April 12. 

Peculiar polariiable UtAitOttCK* normaUi/ found m Ulae. — The " Clw* 

^t*wi " for April 13 gives a note on a paper by M. B^champ recently iKi 

^Bfere the French Academy. It says that wine decolouristd, suitsUj 

RVneentrated, nnd freed from tartar, yields a solution which, in Knne cm* 

* -tams the plane of polarisation to the left, in some to the right, tii i» 

others occasions no deviation. When it turns to the left it is b«CBUHlki 

quantity of Don-crystalline sugar is more than sulSdenl to compeoMtsto 

the elTsct of the dextro-gyralury matters. When it turns to the ri^l^ 

quantity of lievulose is too small to ccmpensate the action of the liejlii^ 

gyratory matters, or else it has been entirely destroyed. If there i> » 

deviation, the dextro-gyratory matters are exactly compensated by d* 

liEvulose. or all the active matters have dlBappesred. Neither the mbAi^ 

meter nor the cupro-potassic reagent are safe processes for the detm^D*' 

tion of the sugar in wines. IleDce, fermentation alono appeaia tnutmclk^ 

Detecting Lead in the Tin Lining of Vatdi, — M. Fordos hu gives ■•«• 

and rapid process for the above in a paper read before thu French Aesdtl? 

(March 20, 187J>). He says : " Place, with a tube plunged in pure nitric lA 

A slight layer of acid upon an; putt of the tinning, selecting by pi«bno* 

the thickest parts. Both metals are attacked, forming stannic iiiids a' 

nitrate of lead. After a few minutes heat slightly to expel the tut tt*^ 

of acid, and allow to cool : then touch llie pulverident spot prodnoed h] ll** 

acid with a tube dipped in a solution of 5 parts of iodide of potaMUffl >* 

100 of wiitor. The iodide has no action upon the oxidn of tin, but i^ 

the nitrate of lead it reacts, fonuin;,- yellow iodide of lead, and ahowaftk* 



^^■mcdm of even & small quantit; ot this metal. The surrnce nf the tinniiig 
^^Hm be carefulW cle&Dsed before appljing the nitric acid, find the itcid 
^^^■hld not penetrate to the iron or copper which forms the body of thft 
^^^■d, as the reaction mig-ht thus be complicated." 

^^Bf non-arienkid Green Pnint ift a matter of some importance, hut not 
^^My obtained. It seems likely, however, that it hns been produced by 
Si^nor A. CaMli. This Italian chemist states ('"Gozzet. Chim. ICeliano," 
Anao rV., Faw. 1)) : " That the existing chrome greens, such as Guipnet'e 
green (hydrated sesquioxide of chrome), called also emerald green, and 
PKOnetJer's green; green itltramtuine (anhydrous chromic oxide), Leuna 
Hid Castelhnz's green fhydrnted chromic oxide), Amaudon'a green (chromic 
tn^tsphosphate^), Matthieu I'lensy'a green (phosphate), leave little to he 
desired in point of beauty, and are free from injurious properties, but are 
too expen^Te to compete with the Arsenical greens. He proposes in their 
Btead to calcine strongly an intimate mixture of 1 part of hicbromnte (^ 
potAsh and 3 parts of baked gypsum, of the variety commonly known as 
•caigliola. The result is a grass-green mass, which, on boiling with water, or 
nixiDg with dilute hydrochloric acid, leaves n fine powder of nn intense 
and beautifnl green, and possessing a very high colouring power. 

The DttedioH of Common Alcohol in Wood-spirit has been recently carried 
out by M. Berthelot (see " Comptes Rendus," April 36, 1875). The 
process consista in mixing the suspected liquid with double its volume of 
coucentratcd sulphuric acid. In these conditions metbylic alcohol yields 
gaMOUS metbylic ether, entirely absorbable by water or concentrated sul- 
phuric acid, whilst ordinary alcohol produces ethylen, a gas almost insoluble 
in water, and concentrated sulphuric acid, but which may be recognised and 
determined by causing it to be absorbed in bromine. On operating with 
the precautions customary in gaseous analysis, the presence of common 
alcohol may be detected in wood-spirit, even when the proportion does not 
exceed 1 or 2 per cent. Aceton and the normal impurities of wood-spirit 
may yield, under these circumstances, carbonic acid and carbonic oxide, 
hot not ethylen. 

The Detection of Amylic Alcohol in Spirits of Wine. — This procesc, which 
is just the reverse of that previously described, is given in an Italian che- 
nical journal (see also the "Chemical News," May, 1876) by Dr. C, 
BetellL It is as follows ; — Dilute 5 c.c. of the suspected alcohol with 6 or 
7 volumes of water. Add 15 or 30 drops of chloroform, shake strongly, and 
leave at rest The deposit of chlorofomi is collected, and allowed to 
evaporate spontaneously, when the amylic alcohol is left aa a residue, and 
maybe recognised by its well-known odour, its reaction with sulphuric 
acid, &c. 

The Grue» cvolced from Apples. — An examination of these has been made 
by Herr Bender, who has published the results in the "Berlin Cbem. 
Gea" (viii. 112). The fruit, cut in pieces, was placed in water free from 
_ air contained in a flank furnished wilh a delivery-tube. On raising the 
I to 00", the gas began to come ofl'. and at 100° the evolution 
I rapid. Four moderately-sized apples afforded about 100 c.c. of ga». 
11 endiometric analysis this gas — great care having been token to exclude 
s proved to consist of 59'37 per cent, of nitrogen, and 40'20 per 
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cent, of carbonic acii, the Temaming 0'4>3 per cent being axjgea. In* 
subsequent experiment, 3107 per cent, of the gaa wu aubindc aadnl 
08-93 per cenL nitrogen. Tbe nuthor believes cbat the carboDic uiA taam 
from n fermentation within the ftuit, the ferment being produced It Ut 
time of ripening. 

Action of Light on Iodide mid Bromide of Sileer. — Mr. Carey Lee, Kbii 
one of our best Huthoiities on this subject, bB« coDtributed mi imporiial 
sle to " Silliman's Americen Joumul " (A-pril 1875). In thi* 1m fal 
a the results oF 160 experiments. The results, with such Blight oi 
tether UDimportact TBriatioos as necessarily nrise from alight diffeHUM 
F prepamtion iind differences ia the character of the sun*a lifchttinn 
temarlmblj concordant, and may be summed up as follows : — 

1. AgBtl and Ag are sensitive to all the viuble rave of the epectim. 
3. Agl ia more eensittTe than AgBr to all the less rofrao^'ble ajl nt ' 
also to white light. 

3. Tbe seositiveness of AgBr to the green rajs was mKleriallj inolMiri 
b; the presence of free silver nitrate. 

4. AgBr and Agl together are more sensitive to both the gnta ui d» 
red rays (and probably to all rajs) than either Agl or AgBr Hpaimltlf- 

5. There do not exist auy rays with a special exdtiog or a speail n* 
tinuing power, but all the coloured rays are capable both ofcotDiuendDf u' 
fontiniiing the impression on alver iodide and bromide. 



GEOLOGY AND PAI^ONTOLOOY. 

The Eeolidiono/lhe CrorodUia and on Slagonoirpit SobfTtMmi.—OM rffl" 
most important papers that have for some years been read before tbt Q^ 
logical Society was that of Professor Tluilny on the above subject (Apw 
28, 1875). After referring to his paper read before the Society in 1858, lb» 
author stated that he had ainco obtained, through tbe Ilev. Dr. Ooidia''' 
Birnie, and Mr. Grant of Lossiemouth, further materials, which semJit 
once to confirm the opinion then expre»>ed by him, and to compktt nu 
knowledge of Stagimolepi*. Tbe remains hitherto procured coontlof W 
dermal scutes, vertebrm of the cervical, thoracic, lumbar, (BCiat, 
caudal regions, ribs, part of tbe skuU and the I«eth, the MApula, 
and interclavicle, the humerus, and probably the radius, the ilium, 
and pubis, the femur, and probabl; the tibia, and two metacarpal 
tarsal bones. The remains procured confirm the determJoiitioiM gives V 
the author in his former paper, except that Ihe mandible with long eoim 
teeth, therein suppoMtitiously referred to Sia^iatqti', proves not to bahqC 
to that animal. The crocodilia were divided by the authoi 
groups. Tbe paper is of much interest 

Boring MoUtaca in the Oolitic Bod: — In the " Agricultural Stadffit'* 
Gazette " (April), a journal published at Cirencesl4.'r, Profeafor J. Hnnt' 
an excellent paper on the above subject, of which we can ooly gin a 
Tbe rocks examined were those of a quarry situated near die emu 
the (arm land of Mr. Sargennt, which liaa been long worlwd for toail ■ 
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id biulding atone, and, according lo tbe Geoli^cal Survtiy, bulungs to the 
urest Marble diviuon of the Great Oolite series, nad o\bibita the ttructure 
QQwn ad " fklse-bedding or oblique lamioittion;" and occaaiouall; tbu Q&g- 
oaa JQ tbis and other neigbbouring quarries show ripple-mnrks aoil tracks 
r mariae ariimalf- 

^portion of the apper surface baa been removed, and the following is s 
ineral account of the spction seen in tbe quarry in detcaulmij order: — 
'UbMj liineatono, about four feet; brown Bholey clny, nitb thiu calciueous 
uley banda, slightly oolitic, full of ojstera, O. Souxrbiji, of diflerent uzee, 
in or less broken, and otbei fosjiiU. At tbe level of thid bed in one part 
' llie quany wero the nodules, round or lenticular in shape, of a tine, coni- 
Kl, bighl; calcareous and ferruginous clnjstone, or indurated marl, of 
fit brown colour, both tbe under, lateral, and upper aurfaces of which 
Ire been perforated by some boring mollusc, A£ LUhodomia or Gadrochiena ; 
^ bolea are pear-shaped, and are found all round the margin of the 
'doles, and are filled either with a yellowish-brown mud with some oolite 
BJtu, due lo sobsequeDt in&ltration, or with crystalliaed calcite ; in some 
^ the shells of the mollusc have been preserved. Besides the perfom- 
ine, the surfaces of man; of the nodules are covered with attached valves 

nysten and a carinated Strpuln, the interspaces, as well as the valves of 
i oysters, being incrusted with a delicate species belonging to the Polyzoa, 
)bably a Berenicea or Biantopora; the thickness of this bed is about three 
t, The nodules are coated with similar species o£ Polyaoa and of Serpula 

those which incrust the separate plates and joints of the Apiocrinuf 
imdiu, which occur in the Bradford-clay at Bradford, Wiltshire. Coorso 
lly limestones, more or less irregular and false-bedded, with partings of 
f full of fossils ; among the most common are Tirebratuia digana, Lima 
diifonnu, Pectea vagam, Modtola itnbricata, Oitrea Marthii, O. Soicerbyi, 
'ffonia, Corbnla, t/uaib, Area, Serpiilit, spines and plates of JcAmt 
^omlenia and Cidaru), Corals {CladophyUia Babeanii), JViyitchoneiia 
Ha, Cerithtuin, Ciflmdritei, Nuctda, and fragments of wood. 
Hr Charla LyeWi Gift to the Geological Soc-iety. — At the meeting of tlie 
)logiciil Society on March 34 (just when our last number was" at press"), 

Preadent announced that the late Sir Charles Lyelt hod bequeathed to 

Sode^ the sum of 2,000^ for the purposes stated in the foUowiug ok- 
■t inim his will : — " I give lo the Geological Society of London the die 
But«d by Mr. Leonard Wyon of a medal to be cast in bronze and to be 
an annually and called the Lyell Modal, and to be regarded as h mark of 
loraij distinction and as an ezpres-^ion on the part of the governing body 
he society that tbe medallist (who may be of any country or either sex) 

deserved well of the science. I further give to the said society the sum 
wo thousand pounds (free of legacy duty) to be paid lo the president and 
■surer for the time being, whose receipt shall be a good discharge to my 
cutora ; and I direct the said sum to be invested in the name of the said 
[etj, or of the trustees thereof, in such securities as the council shall from 
s to time think proper, and that the annual interest arising tbere&om 
U be appropriated and applied in tbe following manner : not less than one- 
rd of the annual interest to accompany the medal, the remaining interest 
le given in one or more portions, at the discretion of tbe council, for tbe 
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encouTBgi^iuent nf genlooy or of nay of the nllied edencea by wbich lb 
almll conmder geoln^ to have been most materially ndvw)r«id, rithw tt 
trnvolliog expeoBea or for a momoir or paper published or ia pmirrew, m 
irithout reference to the aes or nationality of the author or the lansTMjB i 
which any such memoir or paper may be written. And I dedaru fli«t Ih 
cnuQcU of the esid society ahall be the «oIe jnd^s of the merit* oftlie ni« 
moiTB or papers for which tbey may vole the mednl and fund from time a 
time. And I direct that the legacy hereinbefore C'^en to the said ciactf 
shall be paid out of such part of my perMoal estate as may be legally a[ 
cable to the payment of such bequests." 

A Laiyrinihadont from the Coal'ineaaarm. — Mr. J. M. Wilwo nk 
paper on this subject before the Oeologiml Socie^r. April 14, 1S7G. Th 
fossil referred to inthia paper was from the Leinater Coal-mtuisung, andaM 
regarded as probably beloofnog to the genus Keratfrpfton of Ft 
Huxley, although the outer posterior angles of the skull do not sp 
have been prolonged ioto comua. 

rfobdbH Englah Coal-^eldt.—tllT. C. Ketley, writing on Ihli unbjortiBflt 
" Geological Magazine " for May, describes at some length the iwent «f 
wbich have been made at Sandwell. lie says that, stimulated by iheStnd- 
well success, other companies axe forming to search for coal under IImii' 
rocks of large estates situate still further away fitim the " eastern boinduT* 
of the old coal-field than Sandwell. Ia it not probable that still VifUt 
eoiU-measures may be recognised ? Is it not poesible that the Sf ' 
Liincslniic may yet be found over all, to prove the relattoD b«t««n&t 
South Staffordshire and the Warwickshire coal'Gelds on the one hu 
the Wyre Forest eoal-field on the other P 

A IfeU! Geoloffical Map of Limdtm. — We quite agree with the opini 
pressed by our contemporary the '' Geological Magazine " ( May, isTS) tbil 
the publication by the Geological Survey of a Map with Lond<in M a 
will be hailed with satiafaction by those intereated in the geology d ft* 
metropolis, and of the country within easy distauco around it. rmiMilj 
one had to procure four distinct sheets of the Geological Surrtflttfd 
England, in urder to obtain tbe whole of London geoli^caUy oolourad.*' 
tlien one obtained actually more than was necessary for the illDttntiiX* 
London geology or convenient as a diagram for the wall of the libnuy, ' 
preeeut map embraces an area bordered on the North by Blackmore, Eppuft 
Wiilthani Abbey, Pcttter's Bar, Watford, and Cbeaham B.ii» ; on the TF<* 
by Amerahan), Windsor, Chertsey, and Cohham ; on the South by ^fUK, 
f'roydon, Famborough, and Shoreham; and on the East by Gia'ul*^ 
Grays Thurrock, Brentwood, and Frieming. Tho map in pubtiihw' ' 
with and without drifts ; but it need hardly bo sud that for meat pr 
and seienliGc purpo.'cs the map allowing drifts ia alone di>siT«bl(>, t( * 
geological map on n scale of one inch to a mile can be oonaidervd cw 
if tho superfidal deposits be omitted. Their influence on the scMivrj ^^ 
district is trifling, for the main features wpre sketched out before tbtin^ 
depouts were laid down: they rest indilTereiitly upon iheTKrtiarystrU**^ 
chalk, and ,yet many of them, and particularly tlie gladal deposit bf 
suffered much denudation. „ 

The Oriom of tfu Chttil Sanh.—Viokswt Prestwich, K.R.S„hMl 
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an interesting p&per on tliis tpipnrtant qiiention, vhinh was on'^innllj read 
before tlie Inalitution cpf CiTil Enjfineers. He considerpd Ihfit the dctioa of 
the " Race " off Portinad, aod ofthetidnl tvavea diiriag^ Htomia, combined 
to drive the shingle of the old bench at the Bill, and of that portion of it 
which must be spread on the sea-bed westward of Portland, on to the aoutli 
end of the Cheail Bank, whence the ahingle was driven northward lo 
Abbotsbury and Burton by the action of the wind-waves, having their 
m&nmum force from the S.S.W., a direction which he showed (n he the 
mean of the prevalent winda. Here, these wind-waves became parallel with 
the coast, and the weatward movement ceased about Rridport, beyond which 
point the shingle travelled in the opposite direction, vh. from west to east, 
or from the coa.4t of Dovon to that of Dorset ; the quartzitc pebbles from the 
conglomerate beds of Budleigh SaltertoD, which travelled from that part of 
the coast eastward to and beyond Sidmouth. gradually dimini^liing in num- 
bers as they approached Lyme, Tery few, if any, reachinj; Bridport. This 
concluKon was in accordance with the facts :— 1. That the pebbles of the 
Bevousbire and Dorset strata, which formed the shingle of the " raised 
beach," constituted also the bulk of the Chesil Bank. 2. That there 
were also, in that hank, pebbles of the rocks and Sint of Portlocd itself. 
3. That the largest pebbles occurred at the Portland end of the bank, the 
pebbled decreasing gradually in size to Abbotsbury. The large dimensions 
of the bank he attributed to the great accumulative and small lateral action 
of the wBTes. 



■ MEDICAL SCIENCE. m 

MeaUng Vlcem by Trmiaplan/aiion of Skin.— The "Lancet" of May 22 
states that lU. Thiersch, having a patient whose leg had to be amputated in 
caneequence of a large end incurable ulcer, thought it a good opportunity 
to examine the changes that take place when portions of skin are im- 
planted on granulating surfaces. For three weeka previously he accordingly 
transplanted portions of skin day by day, the last pieces being applied 
eighteen hours before the amputation. The chief results arrived at were : — 
1. That adhesion occurs without the intervention of any intermediate 
cementing substance. The adherent part°i are in immediate application, or 
at most are only separated by a couple of blood -corpuscles. 2. The adhe- 
sion, when complete, takes place by means of the inosculation of Teasels, 
which may bo observed even eighteen hours after the act of transplantation 
of the new skin. A connection is at this period seen tn occur by intor- 
esllular passages e:ctending between the sharply contoured vessels of the 
akin on the one band and those of the granulations on the other, and these 
intercellular pasaagea become proper vessels in the course of a few days. 
3, At the same time the vessels of the skin beneath the transplanted portion 
ondergo secondary changes ; they become wide, irregularly dilated, with 
prominence on their walls, and ia fact asaurae the characters of embryonal 
blood-vessels, 4, True new formation of vessels may perhaps take place 
when the primary inosculation fails. In such cases the epidermia and the 
pipillary bodies fall oft' after a little while, and the transplantation ia 
TOL. XIV. — MO. VSl. T 
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the lapse of eovav time nen--foriiied Rpidermis dppenn where the tna*- 
plnntatioD was made, which taay perhaps be due to the (rarminatioQ ei 
remniua of the sweatrglands. Thiersch fiaally tecommende n modlGcatiui 
of llcverdin's pkn, nBmely, that the surface of the wound to which tki 
sldn is about tn be transplanted should have any (nMuIations that m 
fouud upon it abnved off, and the new sldu applied in the coutm of » ft* 
hours. 

The Glandt in the J¥ficnjr(n.— Profesaor Turner, who has bees Iw 
on the Placenta at the College of Surgeons on June 14, 16, and 16, dMolM 
very fullv the glande, which are tubular, more or less oblique in diiwtin^ 
and more or less branched. In the mare, pig, dog, and hedgehog OitJ O* 
closely arrani^d, whilst in the sloth, macacua, and chintpuuee Oitjm 
very sparsely scattered. The glands are lined with ft continuation of 
epithelium coTering the general surface of tbe mucous niembntne. lifj^ 
lirat demonstrated that they were columnar and ciliate in the pig. but thl) 
has since been shown to be the case in the cow, sheep, mouse, and bit in 
regard to the course of the glands, Sharpey, from observations made on tb< 
bitcli, thought there were shorter imbntnched and longer branched usa, 
and this was supported by Bischofi', who concluded that the sho)1«r «■ 
secreted mucus, and the larger ones a special fluid. Professor Tumeri i 
obserTatione, made with higher microscopic powen than were \mi bAk 
by Sharpey or by Bischoff, is of opinion that there is no difterenee bWwo 
them, the shorter ones being artificially produced by llie section, is « 
sequence of tbe longer ones not running straight, but at an angle. 1 
drawing of tbe glands usually contjuned in text-books, taken from WstWi 
is coDventJonal, and Professor Turner generally'agrees with the aocoonl 
by Dr. J. Williams in a recent paper. 

The DncUily of Ihr Braiu.—Xt a recent meeting of the Psjcbokfio' 
Society (June 0) Mr. Seijeant Cox read a paper on the "The DuaBty oflto 
Mind." He said that tbe fact of the duplicity of the brain, first asinM tf 
Gait, and aflerwards by Dr. A. Wigan and Sir Henry Holland, tnm K " 
confirmed by Brown-S^uard, all of whom deduced friim this bralo-atiW' 
ture that tbe mental faculties are duplei — that we have, in faeti tm 
minds. This expiMned a multitude of ment«] phenomena otherwiss i» 
explicable, especially Dr, Carpenter's " Unconscious Cerebration ; " asd, If 
true was of incalculable importance to psychology. Many instntieea *» 
nanated of total desUuction of one hemisphere of tbe brun attended ^ 
only partial loss of mental power. An animated discussion feOlowed, *? 
Kir J. H. Maswell, Rev. W. Moses, Major Owen, Mr. G. HBiris, Mr. Cdfis. 
and others, but not ao much was said about this important matter asB 
Sdquard has recently stated. 

Fittolshol n'ound: Bail paming beneath JffrniW. — The "New Y^ 
Medical Journal " for May stntee that recently, at tbe Bellerue Tlo^itd » 
interesting case occurred of the above description. The patjnnt, an luUtf* 
ia Buppoeed to have attempted to commit suicide. The ball entendA' 
side of the head, posterior to the orbit, and the only symptoms of ii^BJ 
« complete blmdoeas of the left eye, with partial bUadnCM «f l^ 
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e was alao ptosis of the left lid. When examined bj tiie ophthalmo- 
■eope, luemoirliagiQ spots were found on tbe optic discs of both eyiw, but 
TDoat extensive on the left. The ball vas lodged in tbe bead atili. Tha 
inference was that the course of the ball was below the hnun, but sulRtuently 
near to it to injure tbe orbital nerres, The pupils of both ejeawere dilated, 
and did not respond to light. 

Ejrperinienti on Wc Brain of Monhetji. — Thia is thn title of a most 
TSliuble paper by Br. D. Ferrier, of King's College. It ia impoBable to 
abstract it, but we commend it to out readers' notice. It was read before 
tlie Boyol Society April 29. 

Tfie Somult of the ^fort.— Curiously enough, thia point ia alill a debate- 
able one, notwithstanding tbe immense importance of ita being settled. 
Dr. O. Paton baa a paper on the subject in the " New York Medical 
Joomal " fMay). In concluwon he snys : "The following plan will mors 
full; illustrate the manner in which the sounds of the heart are produced, 
premising that tbe Btatements made in reference to one side of the heart are 
equally applicable to the other. 

" First Buund, produced by ventricular contraction and aortic renction. 

" Second Bound, produced bj auricular contraction as the rectricle dilates. 

" The Brat sound of the heart is produced at the origin of the aorta, but 
Leord most distinctly towards the apex of the ventricle, where it approaches 
the walls of the thorax during the aystale. 

" The second sound is beat beard towards the base of the sternum, over 
the right auriculo- ventricular foramen, as the auricles contrnct aud pour 
the blood into their respective ventricles. It appears to be sealed lower 
then tbe first sound of the heart." 

Tnvalidi sertf hij HailiDai/ in Twine llamniocks. — Tbe "Lancet " (May 2!1) 
eays : " When the Ashantee campaign was going on we called attention to a 
rimpie and very portable form of hammock, which was capable of being 
turned to many accounts in the field. On the 20tb last, a girl, who had 
)at«lj been under treatment in the Westminster Hospital for a severe bum, 
was conveyed by rwlway in one of Sejdol's twine hammoclis from Victoria 
station to Margate. The hammock was slung in a parcel van, ita points of 
snapension being nine feet apart; and the patient was placed in it with her 
feet towards the engine, and was very safely and comfortably transported 
to her journey's end. The chaplain and one of tbe siatera acoompanied the 
patient, who was in charge of Mr. Richard Davy ; and they all concur in 
praising the hammock as a pleasant and easy means of transport, very well 
adapted for invalids undertaking a journey by rail." 



^B METALLURGY, MINERALOGY, AND MINING. 

Crude Copper froj/i Wailiiii. — The third annual report of the Director of 
the Imperial mint in .lapan is an interesting document recently published. 
It is instructive from tbe light it throws upon the progress of chemistry and 
metallurgy in Japan. The chemists, engineers, assayers, engravers, &q., 
appear still to be all Englishmen. From tbe special memorandum of tba 
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cbemiat, Mr. Gowland, we gather some interesting facta as to J»p 
copper. The foUowing- analj-^B it given to ehow tlie ccmpoution 
avemge crude copper from Washiu : — 

Copper 

Lead trace 

Sulphur OWr 

Iron 0101 

SUver 

Araenie 

Antimony 



The Plalim/er'nu Socki nf the Uralg. — At A roeent meetinfr oC the FlMCb 
Academy of Scieocca, M. Daubr^e described the raekt of the Ural affor' 
platinum. They have a base of chrysolite. The maaaes come bom the 
glomemtea near Nisehne TatrilBk, where platinum is obtwneiL Bniie* 
chrysolite, serpentine and chromic iron are intimately aaaociated with tlii 
platinum. The iacts seem to prove that the original platinum -bearing rode 
was a cbryeolite rock more or less trBnaformed into serpentine, and mi 
accompanied with diallage, which is common in the ape-men*. Ti* 
presence of chromic iron ia also to be noted ; for it appean to bear entoet 
BB to the chncgea through which the gangue rodt of the plaUniun M 

Efeclt of Cold on Iron.— Al a meeting of the Academy of Nwnl 
Sdences of Philadelphia, Mr. Willard referred to Iwo instances of the briUk- 
ness of iron under the preTsiling low temperatures which be noticed titi>9 
before. In breahing up an old locomottre, the cutting: off of the rint IwnU 
which uaually requires heary aledging, was effected by a single btow, pif 
tbey were made of cast iron. In the forging of a long steamboal thA^ 
the best hammered iron which bung balanced in a crane, the baoinmiil^ 
the healed end caused vibration in the overhung end — haimlesa in ot&M? 
temperatttre?, but at 10° F, aufficient to csueo the beam to bi^alt: ' 
the point of support. The published tests of iron uid el«et show MJ 
tensile strength at low temperatures under a gradual atr 
perience shows great loss of bodi/, or ability to Tesbt a blow. 



MICROSCOPY. 

The JFoif in which Ediinodermi are dercUiptd, — The fonowingai 
the "Monthly Microscopical Journal" (June 18751 to bo condus 
up by Mr. A. S, Pachard, — "Ecbiuoderms as a rule, «r>» r 
by eggs and sperm-cells, .\fter fertilisation of tha egg they | 
— I, Morula stage. '2. Gastrula stage. 3. A larral, lempororr rtafs (1 
tens, Brachioiaria, AuricularSn). 4. The Ecbinuderm grows from ■ 
tuba of the larva, finally absorbing the latter, whose form is oflen n 
changed during the process. It thus undergoes a true nisi 
■e comparable with that of some insrcta." 
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^Bt^ayitlar Aptrture: fit Usa. — "The Acndem;" (Maj 8) says tbat this 
^HiMioD) which is of great interest to niicroscopist^, has just been brought 
^^Bhre tbe Rajal Microscopical Society by Mr. Sladf, who contends that 
^^Bextceme angles of aperture usually given to the higher objectives ore 
^^B lubatitutefl for better correctioD of spherical aberration. lu proof uf 
^Bt opinioD, be showed that n glass by Zeiss of Jeoa, ^, with on angle of 
^Bf tl8°, would display the traDgyerse ribs of SitrireUa gemma divided into 
^^pds, when tbe object was illuminated by Mr. Wenham's doi'k-graund re* 
^Bc apparatus. C and D eye-piecea were employed for this purpose, and the 
^^pdi were quite distinct, though it was not pretended that they were as well 
^^■ftiwii as tbey could be with a higher power and larger angle. Zeiss's half- 
^^■k, the C of bis catalogue, with 48° aperture, sulEees to show the cross- 
^Blding of Pkrimgma hippocamptu with B and C eye-pieces and an achro- 
^Huic condenser. A paper of Professor Abbe waa quoted, alleging reasons 
^■Ayao dry objectives should havo apertures of more than 105° to 110°, 
^Bi why it was well to restrict immersion objectives to little more than lOO', 
^^Blhat j j could work well through covering gloss a fifth of a millimetre in 
^Hkbieas. Objectives by Zeiss upon Professor Abbe's plan were found to 
^Blte in a remarkable degree the qualities of penetration and resolution. 
^K^Aelioa of Cobnt-poUtm on Vtgetabh l^otoplatm. — The following Tery in- 
^KtM^g esperimenls were made by Mr. Charles Dnrwin, and were published 
^B« paper read before the Royal Society by Drs. Brunton and Fayer. Mr. 
Hnrwin saya: " You will perhaps like to hoar how it acted an Drosera. 
1 made & solution of j gr. to jij of water. A minute drop on a small pin's 
bead acted powerfully on several glands, more powerfully than the fresh 
gioison from an adder's fang. I also immersed three leaves in 00 minima of 
the solution ; tbe tentacles soon became inBated and tbe glands quite white, 
«B if they bad been placed in boiling water. I felt sure that the leaves were 
lolled ; but a^r eight hours' immersion they were placed in water, and 
after about forty-eight houra re-eipanded, showing that they were by no 
means killed. The most surprising circumstance is, that, after an immersion 
of forty-mght hours, tbe protoplasm in the cells was in unusually active 
movement. Now, can you inform me whether this poison, if diluted, arrests 
the movement of vibratile cilia ? 1 dissolved h gr. [of cobra-poison] in 5j 
of water, »o that 1 was able to immerse two leaves. It acted as before, but 
more energetically; and 1 observed more clearly, this time, that the solution 
makes the secretion round the glands cloudy, which 1 have never before 
observed. But here conies the remarkable point; after an immersion of 
foi'ly-i.ight hours, the protoplasm within tbe cells incessantly changes form, 
■nd 1 never saw it on any other occasion so active. Hence I cannot doubt 
that this poison is a stimulant to tbe protoplasm ; and I shall be veiy curious 
to find out in your papers whether you have tried its action on tbe cilio and 
on the colourless corpuscles of the blood. If the poison does arrest their 
movement, it will show that there is a profound difference between the pro- 
toplaam of animals and of this plant. Therefore if you tiy any further ex- 
periments I hope tbat you will be so kind as to inform me of the results, 
I may add that 1 tried at first 1 gr. to the ^, as that is my standard strength 
ior all substances. It is certainly very remarkable tbat the poison should 
I act so differently on the cilia and on tbe protoplasm of Drosera. After 
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killed; but tbose uf one leaf -which I tried with carbonate uf utUDOZui 
Absorbed it, snd the protoplasm Wfte affected in the uaunl mBnneT. I un 
very iiiu<^h surprised at the nctiou of the poisoa on the vwdd Becretian Itum 
ilie glauds, which it congulales into tbrenda and bita of mtuubrane, villi 
much granular matter. Have you observed whether the poison nffevi^iA 
any miuked manner mucus or other such secretionB F" 

Microicojiical Pt^trs. — The following papers hnve been publi^ed intbt 
*< Mouthly Microscopical Joumul " for April, May, and June laat : — 
8ome Kemarks on Bucepbaltis Polymorphus, by Mr. John Badcodc 
F.R.M.S. ; together with IVaoslatiuns from I'ltpers of Von Bssf, 
Lacaxe-DuthierK, and Alf. Giard, on B. PolymorphuB and Haimeusii 
by Henry J. Slack, F.U.S., Sec K.M.S.— On the Trincipb of teitinf 
Object-glsdua by Miniatures of lUuminated Objects examinsd uodcr 
the Microscope, eapecinlly of Sun-lit Mercurial Globules; audootta 
Development of Eidola or False Images. By Dr. RoyatoD-I^p>cii 
M.A., F.K.S., F.K.A.S., F.C.P.S., formerly Fellow of SL Peter'f CA- 
lege, Cambridge. — On a Method of obtaining Oblique Viaiou of SoAw 
Structure, under the Highest Powers of the Microscope. ByF.E 
Wenham. — On the Connection between Fluorescence and Abtcofliau 
By H. C. Sorby, F.R.S., &c., President R. M.S.— Further BgmicU 
into the Life History of the Monads. By W. H. Dallin^«r, PJUL^ 
and J. Drysdale, M.D., F.B.M.S.— On New nnd Improted Micracopc 
Spectrum Apparatus, and on its Application to vnrioui BnmciiH ot 
Research. By H. C. Sorby, F.R.S., &t, Pres. R.M.S.— Some Ram* 
uponSphffiriii(Oibbera)morbosa(Schw.). ByOhnrles B. Plowrigbt— 
The Am<Bban, Actinophryan, and Difflugiau Khixopods. By 0. C. 

WalUch, M.D., F.L.S., &c Note on the DiagDoMs of Blood Sui» 

By Job. G.Richardson, M.U., Microscopist to thePennsylTaDiaHofpul, 
Philadelphia, U.S.A.-^n Bog Mosses. By R. Braitbwoitc, tLU, 
F.L.S. — On .\iigle of Aperture in Relation to Surtnco Mark iogx sol 
Accurate Vision. By Henrj James Slack, F.G.S., Set ~ 
Measurements of the Moller Piobe-PIatto. By J. Edwarda St 
Ashubula, 0., U.S.A, 



PHYSIOS. 

An Ainericim View uf Young.-^X paper appaars in " Silliman'a 
Journal " (April 1875), which gives Mr. A. M. Slayer't view of Teoaj'fl 
abilities. Mr. Mayer, who is a distinguished pbyucist, in rct-iowio); Yoonpl 
theory of light, says : " That he should have delayed to bring to tlw ItA ^M 
experiment a plausible hypothesis, when other men would a 
appealed to the instruments in their Inboraturies, is explained by iho ^1 
that Young ' at no period of his life was food of repeating e 
even of ori^nating new ones. He considered that, howeror necMaijI* 
the advancement of acience, they demanded a great sacriBoa o' ' 

t, when a fact was once established, Ihat tima was better etDptoj«d>i 
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it be applied or tbe ptinciplee which 



; the purposea to which i1 
t might tend to slucidate,' Indeed, this peculiarity recelrea abundant 
nnftiTDBtioD from his omi words ; thus, in the Bakeriaa Lecture, ha bbvb: 
Nor is it abeolutely necessary in thu instimce (in spealdtig' of the proofs to 
je adduced in support of tbe undulatory theory of light) to produce a single 
lew experiment ; for of ezperinients there ia already an ample store ; ' nad 
n a letter written in November 1627, to his eiatet^in-Iaw, Mrs, Earle, on tbe 
'eapeclite honours given by Herscbel, in his ' Optics,' to Young and Fresnel, 
10 aays ; ' And acule auggestion was then, and indeed always, more in the 
ine of my ambition than experimental illustration.' Young carried his 
rfonion of the secondary importance of experiment so far as even to object 

tile increase of tbe fund left by Wollaiitou to tbe Royal Society to aid 
ixpenmeotal ioquiries, in theao words : ' For my part, it is my pride and 
ilmanre, as far as I am able, to supeiaede tlie necessity of experiments, and 
DOre especially of expeosiTe ones.' " 

IntermiUent EbuiliCion, — Dr. I. L. I'liipaon, writing in tbe '■ Chemical 
llewB" (April 23), states "that water strongly acidified with bydro- 
'bitaie acid, and contAining a small quantity of benxnl, was found to enter 
nto violent ebullition every CO seconds; after a while the boiling ceased 
iompletely, and then recommenct-dsuddenly every 30 seconds for some time. 
The flasli still being kept over the spirit lamp, the periods between quiet- 
«ace and violent ehullilion dropped to 20, 10, and finally to 8 seconds, at 
irhich interval the phenomenon continued for some considerable time. The 
.emperature of the vapour in the flasic was 101° C., in tbe liquid 103'6° C, 
luring tbe whole time of the experiment. When methyl alcohol was 
idded to tbe above mixture of water, liydrochloric acid, and benzol, and tbe 
lask placed over a spirit lamp, no ebullition at all occurred for a very long 
ipace of time, and then it tooli place very suddenly, and continued." 

A AViP Form of Aii-xUinry Air-pump. — At the meeting of the rbysical 
y)ciety on April '24, Mr. J. Barrett eibibited an "auxiliary air-pump" 
vhich is a modification of Poggendorfi'a arrangement for obtaining a Torri- 
teUian vacuum, and ia also allied in principle to the exhauster used by 
iJeiaslar in tbe preparation of vacuum tubes. The fallowing is a description 
at the instrument, but it is difficult to explain its action without the aid of 

1 diagram :^A cylindrical glass Tessel, containing about 60 lbs. of mercury, 
B connected by a glass tube, J of an inch in diameter, with another umilar 
ressel, which ia placed about 18 inches above it. The upper veasol is divided 
■ear the top into two parts, which are connected by a short neck. Tbe tube 
nmmunicating with the receiver pai^es into this TeBsel, and is alternately 
>p«med and closed below the neck, aa the mercury riaea and falls, by a 
loating valve. This upper vessel ia in permanent connection withaglaaa 
teasel at tbe back of the ineljrument, which is rendered vacuous ia the ordi- 
laiy way, and the mercury keeps its place in the upper vessel until tbe lower 
ine ia rendered vacuous by tbe air-pump, A platinum valve in the back of 
he upper vessel retains a certain quautity of mercury, when the bulk of the 
nercury (inth which the whole vessel is filled at the commencement of 
iperationsf falls by its weight into the lower vessel, which, as baa been 
itated, ia rendered vacuous by the air-pump. Theinterval between the t» 
folumes of mercury b a Torricellian vacuum, into which tbe lesidunl o 
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flotra through tha floating valv^ 'nbich ngtia doses as the mercnr; liMln 
tbe upper vessel nad forcea thiouf^h tho ylftliuum valFe, and upper diiam 
of mercury, the tXt which has enteri.'d from the receiTer. Ii is jiosnblc to 
obtnin a twj good lacuum in a litcger receiver by the w.d of this iniln- 

Haw Freaw* influencei Contbuttion. — This bus heeti very well shown 1; 
M. Cailletet, an abstract of whose recent paper on the subject appesn b 
" Sillimau's Americnn Jounial," May 187o. M. Otiillelet bn» stndind t^ 
eQect of a prei>aure of 30 to 3& atmospheres on the luminaus, calorilic, n 
chemicnl ray?, emitted by iL burning body. The air was 
pnnipa in which the pistons were fixed and the cylinders mi 
of water or glycerine at the same time cooling tbe gases s 
the packing from the beat aod preventing leakage. The n 
of a hollow cylinder with four apertures ; tbe first admitted tbe gu, lis 
second allowed it to escape, the third admitted the manometer-tabe, ud tlu 
fourth was closed by a tbii'k glass plate to allow of obaervatioo irf Ihc in- 
terior. The latter had a diameter of 10 cms. and a capacity of about 41iMa 
Placing a lamp in this epace, tbe brightnees increased with the pnMOSVt 
the ur. Tbe base of the flame, which under the oTdinary preaiure it U" 
and transparent, became white and very bright ; but soon the appMIiDOt 
cbanged and thick clouds of smoke circulated through the apparttiu ind 
escaped by tbe stopcock closing tbe outlet. The Qaine seen througli iki* 
smoke ia reddish and the wick is found to be charred and much soot As* 
pouted, doubtless owing to the dissociation of the gases containing catbon- 
Spectrum-phatiigraphi.-~" Tbe Academy " of April 24, etaUa ihil b 
tbe last number of '' Poggendorff'' H. W. Vogel' describes a simple tff* 
ratus for phntograpbiag the spectrum of the sun, or otht^r spectra. I" 
reuiovea the lens from an ordinary photographic cnmeTO, and replaon it b* 
a pocket spectroscope, fitted into tbe aperture by means of a blacbi^n«d Ot*^ 
The sun's rays are allowed to fall on the apparatus parallel to th« axis of tb« 
■pectroBcope. The lines, though not very sharp, are sufficiently 
purposes, e.g., for tbe comparison of absorption spectra. 

I)^eet» of the Human £ye as regards Achromatitm. — A paper haa bf«8 
read on this subject before the Phyucal Society of London (April 10, \iSi^)i 
by ]:*iofeesor II. AI'Leod. He said tbnt the eye has been thought tabt 
achromatic because it is so practically : but it in easy to oSer a 
dence of the defects of tbe organ in this respect. I'or instance, to dwA- 
sighted persona the moon appears to have a blue fringe. In u^og thee; 
troBcope the re<l and blue ends of the spectrum cannot be seen with eqod 
distiuctnesa without adjusting tbe focussing glass. A black palcli of ^tft 
cm a blue ground appears to have a fringed edge if Tit>wed from ■ 
short di^nce ; while ■ black patch on n red ground, when obstirred lutja 
simihir coudiljons, has a perfectly distinct margin. PiofeABor M'L»id tl 
expliuned that the ovrrlapping of images in the eye pruducRS th* neatst 
impression that there is no want of achromatism. It is interesting (□ DDl 
that Wollaston considered that the coloured bands of tfau spurtnim ml 
really divided by the black (Fraunbofer) lines ; and bis statsmeni tliat d 
red end of the spectrum does not appesr to have a boundary line " bseaa 
tbe eye is not competent to converge the red rays propedj," bIwws Uut t 
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"tad very neftrlyi tf not quite, discovered Ihe achromatic defects of tbe eye. 
Dr. Toung BAcribes to Wollaston the merit of having observed that when it 
luminona point is viewed through n prism, tbe blue end appears to be wider 
than tbe red, the eye being incapable of rttcognisiDg that the spectrum has 
the same width throughout its eutire length. An experiment waa exhibited 
to ahoir tbe relative distinctness of a dark line on gr'^iunds oF various colours. 
A striag or wire was so arranged that its shadow traversed the entire length, 
of tbe spectrum, which was thrown on a screen by nn electric lamp. Whea 
viewed from a abort distance tbe edges of tbe shadow Appeared to be sharp 
at the red end, but gradually became less dieUnct, until at the blue end 
nothing but a blurred line remained. 

The VdocUij of Light. — I'rofesaor Cornu gave a recent lecture on this i 
subject before the Koyal Institution {May 7, 1875), In this he described 
his recent experiments on the determination of tbe velocity of light. lie 
gave an account of tbe method of Foucault, and exhibited the completa 
apparutUB, including the arrangement of mirrors for multiplying the distiuice 
through which the luminous ray passed between the two reflections from the 
revolving mirror. He described the toothed wheel of Fizcau, and tbe iin- 
provemenlB which he had himself made in his own determinations by this 
method. He found that it was impossible to pve a uniform motion to tiie 
toothed wheel, and therefore adopted an electrical registering apparatus to 
mark the increase of its velocity, an electric signal enabling the observer to 
point out the instant at which tbe right velocity ia obtained. Another very 
important improvement is tbe substitution of a pair of observations of the 
return rsys for the single observation of a total extinction. Prof. Comu's 
moat recent determination was made in the summer of 1874, the two 
stations being tbe Paris Observatory and the Tower of JMontbi^ry, 14^ miles 
apart. A mean of 508 esperiineuts gave 300,400 kilometres, or 198,000 
miletj per second. 

The Aarora't Spectrum. — Mr. J. R. Capron has (" Philosopbtcal Magazine," 
April, 1875) described tbe results of comparison of auroral spectra with 
tbe spectra of hydrogen, carbon, oxygen, sir, phospboretted hydrogen, and 
iron. Mr. Capron considers that tbe conclusion of Angstriim, that the 
*' moisture in the region of tbe aurora must be regarded as nil" cannot be 
maintained. He sums up tbe present state of our knowledge of the aurora 
question as follows : — " The yellow^reen line, and possibly also tbe red, are 
due to phosphorescence or fluorescence ; the fainter lines are partly due to 
the air spectrum, and tbe remaining bands or lines may be due lo pboa- 
pborus and iron, ihe close coincidences in this latter spectrum with tbe 
Unes being very striking," 

Phykai &-ience Fo]iuiariKd.—''^)ie "Chemical News" (May 28, 1875), 
quoting from " Iron," very justly calls attention to a scandalous ignoranoe 
of science lately exhibited. It snys : " It is one of tbe most hopeful signs 
of the times that everybody is now supposed to know a little science. 
Some of us know very little. Others know a good deal, but the arrange- 
ment ia somewhat confused. We scarcely know to which class tbe com- 
piler of the ' Yorkshire Exhibition Guide ' belongs. Wbittever amount of 
scientilic knowledge be possesses, be certninly lias tbe art of ' combining 
bii information,' and presenting it to bis renders in a fresh, cheerful, and in- 
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tercatiug iiiaaiier. He savs : ' A medal and pklu fomied of tlie aev u 
paUadiiuu, will be interesting to Euenlilic wen. Tlie diftcoverjr of tiu« meOl 
by Ptofetsoi Ornhnni a few years ago fiuidlj' eetllcd the long-disputed 
u to whether or cot the gas hydrogen nrns a neiai lie proved that pkUa* 
dium wfLS rimply liydrogen coudeoaed. Thi« tnny be easily exemplified \ij 
placiag a piece of thii' metal under the receiver ot an nii-puinp and cxhaiul- 
ing the air. Tbe,solid metal at once Aiea off aa a gas, and tju rt^dmitlia} 
t]ie air it Bhrinks agfdn into ilB former tize. Tbe little medal ahoini 
t*uu 100 times its rolume of the gns.' We will only odd, iii trausfemnf 
this gem to otic columns, that we hupe it is not a fair °BUiple of the teacltiii; 
at the Leeds Mechanics' Institute — the worthy object for whose benefit tbi 
"Yorkshire Exhibition is being held." 

A Mevohivg Polan'tcopc was exhibited by Mr. Spotliswoodc, F.R.S,, it 
the Physical Society, on tbe evening of May '22, ltiT5. The following IS 
an account of the apparatus :— A luminous beam passes from a small dicnltf 
hole in a diaphragm through a polariscope, the analyser of which is a doubb- 
image prism, the size of tbe hole being so arranged that the two luminotu 
discs shall be clear of each other. If the prism be made to revolve rapidlr, 
one of the diacs revolves round the other, and is merged into n ring of light 
which ia inleirupted at opposite sides by a dark shaded baud, the poeiljail 
of which depends upon that of the original plane of polarisatioo. Tb* 
discs may be coloured by inserting a selenite plate, and the rapid reTolution 
of the analyser thee gives alturnAting segments of compltuucnlary coluuni 
or, if a quartz plate be used, the lotatiog dif c passes succesaiTely, Iwtc« in a 
revolution, through all the colours of the spectrum, and when the rcttuluuoa 
is rapid merges into a priamatiu ring. The etl'ect of the interpodtionifa 
}-undulalion plate, which converts plane into circularly polarixed light, *•• 
then shown, and Mr. Spottiswoode also interposed a concave platd of qiism 
and exhibited the effect of rotation on the characteristic rings of quart*. 

TAe EffKt of having Glaa Harit C/cnnnrf.— Mr. Tomlinson, F.It,S., whc« 
views on this subject are generally known to our reader!>, baa r«cently (** Phit 
Mag.," April, 1875), been opposing the opinions of M, Oernex. Mr. TobJo- 
sot majntiuns that the inactivity of a glass rod or other solid body inU*" 
duced into a gaseous solution depends on its being chemically dvan. A 
cage of line wire gauze was submerged in soda-water, but there was w 
escape of gas so long as it was chemically clean. When takeu out, lulW 
between the slightly greased bonds, and again lowered into the soda-**)"! 
the gaa escaped from its ude in bubbles with an audible noise. SuppoOgl 
liquid, at or near its boiling point, to be constituted lika soda-wBlar, lb- 
Tomlinson refuses to admit that a solid, such as a glass rod, intmducediaM 
t. boiling liquid (water for example), becomes covered with hubbl«a of •[»«• 
by virtue ot the air carried down by the rod. If the rod bu unulew (lU 
is, contaminated with a greasy film), the steam-bubbles oover it pnci^ 
after the manner of gas-bubbles, because there is adhesion between ^ 
steam-bubbles and the film, and not between the water and the film, ■■a' 
hence there is a separation. A chemically clean gluss rod has no such ni-Uoo, 
not because the act of cleaning it deprives it of its adhering air, but bMaW 
there is perfect adbeeion between a vaporous supcreaturatod solDiidD and* 
cbemically clBsn aorface. 
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TouffAeninff GkiM. — The importnnt di«.-0Teiy of W. de la Biutie i« ex- 
plained Tery fully in a paper by Mr. P. F. Nuisey in our present number. Jn 
the course of Mr. Nuraey'B experiments before the Sociely of Arts, some 
glosB dessert -platea were dropped from n height of between four and tive feet 
to the ground without fractuie, one of them leboundiug over & table. Sub- 
sequently one of tlie audieace dropped a plate from a height of four feet on 
to an iron grating, and it rebounded to the height of a foot without injury. 
Grease- cntchera, to put on candles, were throwu with aome lorce from the 
finme height with similar result, except when four were thrown together, 
and then one of then broke into innumcmble fragmuuts, without the shai'p 
cutting edgei which aie so charueteristic of the fracture of glass not bi> 
toughened. A piece of plate glass about six inches square and a quarter- 
inch thick was next put into a frame of wood, so as U> raise the under aui- 
face of the ginaa half an inch from the floor. A braes 4-oz. weight was then 
dropped several times from a height of ten feet fairly on to the centre of the 
piece of glass with perfect impunity. Next an 8-os!. weight was tried with 
the same result. Then a piece of ^inch plate was substituted, and lh« 
lecturer, a man approaching 12 stone in weight, put hie heel in the centre 
and spun round on it. Next the 8-o«. weight was dropped on it, and, as in 
the case of the thicker piece, without the slightest damage. A piece of the 
same quarter-inch plate glass, which had not been toughened, was broken 
with the usual star fracture by dropping the 4-oz, weight from a height of 
two feet. At last, as it wemed impossible to break the plates of glass in 
any other way, a hammer was brought, and a smart blow being given to one 
of the quarter-inch thick plates, it shivered into a great number of very small 
pieces, and with tbe peculiarity of the edges of the pieces being rounded, as 
if partially fused after fracture. 

Mr. Crooka' Diicovei'y ; the Mechanical Foii-er of Light. — On tJiis very im- 
portant subject tbe discoverer has already conliibuted two papers (the second 
on April 37) to the Hoyal Sociely. In these, as in his especially beautiful 
and elaborate eiperimente, conducted at the Uoyal Society's soireiS, Mr. 
Crookea baa, we think, proved that light alone — all heat being absorbed — is 
sufficient to produce mechanical force. Professor 0. Reynolds has attempted 
an explanation of the action, supposing it to be due to evapomtiou and con- 
densation at the surface, but his effiirts have been shown to be idle. Mr. 
Crookes pbilosophicnlly concludes with the following remarka : — While ob- 
jecting to the theoiies already advanced as not accounting for all the facts of 
tlie case, the author confesses that he is not as yet prepared with one to put 
in their place. He wishes to avoid giving any theory on tbe subject until a 
sufficient number of facts have been accumulated. The facta will then tell 
tbeir own tale. The conditions under which they invariably occur will givo 
the laws, and the theory will follow without much difficulty. 
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ZOOLOGY ASB COMPABATIVE ANATOMY. 

The SUnd-Jlth, ^c, of EetilMdii/ probably ofMai-ine Orij^m. — An 
pKper liaa been published on tliia 8ubji;cl b; Mr. F. W. I'utn 
" Bulletin " of the Esaex Institute, U.S.jV., and it is abstracted in ■ recenl 
number of "SUliiuan'a American Journal." The writer nhserres tbat manj, 
or, -witli two or three exceptions, nearly all, of tlie thirty or forty Bpede* of 
vertebrates, articulates, moUusca and atill lower forma, including a few 
planta, now discovered in the caves of Keotucby, are of comparatively Iu« 
introductioa, is probable from the fact that they are so closely allied to fonm 
living in the vicinity of the caves. Hut that the blind-fiabea, the Choli>- 
gaatei and a few of the lower forms of articulates, as the Lemaian, puantic 
on the bliad-Ssb, ma; have been inhabitants of the subtemuieaii stieuu 
for a much longer period, b worihy of conaderation on the following 
grounds :.— Fir^t, the blind-hah family ban no immediate allies existing in 
the interior water,* the only species of the family, in addition to the tbna 
found in the Mawmotli Cave, being known at present only from thn nc» 
ditches of the low coMt of South Carolina. Second, the Lemteao paraiite 
ia much more common on mnrine liahes than an strictly fluviatile epccivs, 
and ia more decidedly a marine than a fresh-water form. These fact* iMj 
therefore be taken as at least indicating the probability of the early origin 
of some part of the great Cave system of the region of the Ohio Vallrj: 
and while there may be nothing in the present structure of the nret W 
indicate theb having been formed in part while in contact with salt wuei, 
the supposed erosion of the limestone and the modiScation of the eiri; 
formed chambers by later action should he carefully considered before it (to 
be denied that the caves were not, in some slight part, for a time, anppiitd 
with marine life. Until a spedinen of Chologaster, or some other monbar 
of the family, has been obtained in the external waters of the Ohio VaUi^, 
it is hardly logical to regard the family to which the blind-fisbas belonf 
one originally diatributed in the rivers of the Ohio Valley, ami nftenwda 
becoming exterminated in the rivers, and only existing in two such widdf 
different localities as the coast of South Carolina and the subtvnaoMB 
atreoma of the south-western States. 

Thf LSirary of Uie Zoological Station at Kaj>U». — Ur. -Anton Dofam bV 
issued a Catalogue of the Library of the Zoological atation at NapL* 
Nearly one-half of the volumes belong to Dr. Dohm, and formed hia printt 
library at the time he established the loological station; the other halfm*- 
■ists of works presented either by the publishers or by Ihu authors ta ibt 
station. As a library of embryological and anatomical works on matiw 
animils, it forms an admirable nucleus for the building up a grvat ioo]o|ti(ll 
library. It only needs the continued interest which has been shown bj tU 
working naturalists to supply the station with ererything publialied neads' 
to carry os investigations in every department of zoology, lit. Duhn 1* 




th others I have considerwi the Ileteropydi ,, . 

ime order with the Cyprioodoulea ; but I now have, from foithcf <^ 
formation^ of their structure, doubts as to their close osaooatiaa wUlW 
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■ anxious to s«(rure the ctwtperadan of English n.ud Anieriuin □Hturalidts, and 
hopes that thsy ■will remember the zoological station in the distribution of 
their pnpers. 

Speci'iieiii of Stylopt an Andrena atrictp».-~ki the meetinjr of the Ento- 
moloi^cal Society on May 3, Sir Sidney Smith Ssundew, C.M.G., President, 
exhibited mule epecitnena of Slylops, taken by himself in the pupa state on 
Andrena alricept, at Hampstead Heath, on the 6th, 9th, and 17th April 
last. Mr. Enoch, who hsd been there on the (1th, at itn earlier hour (be- 
tween nine and ten o'clock I, had been still more auccessful, having eaptured 
seventeen males ; one of vhich, however, was taken after 2 p.ui. The 
President drew attention to the teninrkable diSeience observable in the 
cepholothorax of the females in these specimen)', as compared with those 
met with on Andrena oonvexiutada, and remarked on the importauce of 
avoiding- confounding the species obtained from different Andrenn : Sti/bjpt 
Spmrii having been described from A. atrieejm, while S, Thwaiteiii had been 
described from. A. convexhmcida. Mr. Smith believed that eventually & 
great many apeciea would be found to inhabit this country, and that ns many 
tm a dozen different species would probably be found on the genuB Andrena 
ftlone, independently of those on the genua Halictus. 

Gammartda in Lake Baikal. — Dr. B. N. Djbowsky has deecribed ninetif- 
tenen species of Gammorids from Lake Baikal. The; include one Swedish 
speciea, G. {Pattasta) cmieeUouiet ; and also the (!. negleetus of the lake is 
hardly diatinct from G. puler. The species occur at all depths, the greatest 
depth dredged, 1,373 metres, afTording them as abundantly as the littoral 
zone, Ihoagh fewer in species. The species of small deptba are oioatly vividly 
coloured ; those at greater depths are less bright in colour, and the kinds 
from depths greater than 700 metres are more or less whitish in tint. 

NoCa on lome Parasitic Ifornt^.^-At a late meeting of the Philadelphian 
Academy ot Science, Professor Leidy remarked that Mr. Henry Horn, aaaist- 
HDt superintendent at the Zoological Garden, had given to him eeveiul apeci- 
mens of worms recently passed by a Bengal tiger. There are three malea and 
eight females, and they appear to be the Aecarit myitax, which has been 
found in many other feline species, including the domestic cat and the lion. 
The characters of the worms from the tiger are as follows ; — Body almost 
equally tapering towards the extremities, Female — Cephalic and inflexed, 
with long narrow semi-lanceolate aUc, Caudal end straight ,- tail short, 
conical, subacute. Male — Cephalic end straight, alated. Caudal end in- 
fiexcd, and furnished with a row of about two dozen minute round papillee 
on each side ventrally ; tail short, conical, acuminate. Length of females 
&om 2 to 3| iucheaj thickness from *- to ^ line. length of malea from 13 
to 16 lines; thicknessfrom J to | line. Professor Leidy further remarked that 
Mr. Thomas Meebon hod submitted to his e.^ominatioD some worms which 
had been found in an apple. They consisted of one entire individual and 
the anterior half of a second, and apparently pertain to the Mermi) acuminata, 
a long thre-ad-worm which has been discovered infesting the Inrvie of many 
injects. Among others it is parasitic in the larva of the codliog-motb, or 
fruit-moth of the apple, which readily accounts for its presence in the fruit. 
Twenty-five years ago (Proc. IB50, 117) be bad described a worm, belonging' 
to the collection of the Academy, and labelled aa having been obtained 
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from a cUUd's moutb, which was eTiJently the same spede*. Tt hamt 
"been in a child's mouth i» probably to be explained by Bupposing that tlu 
cliild bad eaten an inrect^ apple. 

Do VtrUArjile Animals came from Amphioxiu ?— " The Academy " 8MW» 
(May 20J that the view of most recent zoolopsta Uiat the origin of th* wt- 
tebmted aubkingdom is to bo traced through Amphiosue from the Aacidiim 
IB supported b^ M- Ussow in the last publiabed part of his " Zoologucli- 
©mbryologischo Unlersuchungea" ("Archiv fiir Natorgescliiclite,'' 1876, pf. 
1-18; "Ana. Mag. Nat Hist." XT.,pp. 321-333). He conwdera iheTowcatt 
to be quite distinct from the MoUusca both in their embiyonal developmail 
nndin their Q'peof fltractuTe. Their closest affinities are nith the BryoMi; 
but adherence is given to Schmidt's classification, in which Ihey foim * 
distinct claaa of Proto-vertehrata. Dr. Anton Dohrn ndvocnies n ooataij 
opinion in a memoir entitled "Der Ursprung der Wirbelthiere, vbH* 
Princip dos Functionswechsels (Leipzig, 1876)." His emhryological iavwli" 
gations lead him to seek for the probable ancestors of the higher a ' 
among the Arthropoda rather than the Tuntcata, and to roTert to ibe 
of the elder St. Hilaire who described insects ss vertebrate* wluch ni 
vitli their baclk downwards, rather than to tbo^e of Kowaleraky and bil 
followers who trace the line through the AEcidians and the lancelet ! 
far from being the representative of the original vertebrates, Ui« AraplnMW 
is regarded by Dr. Dobrn as a degenerate descendant of the c,vcli»tomiiiU 
fish, and the iu)-called larvio of the Aaddians are the result of a still lonpi 
continued process of degradation. With regard to the priuclpiv at cl 
of function, the general rule is laid down that the function of an oij 
made up of a principal and other secondary components ; if the fotnisl At- 
crease in force and the latter increase, the whole function is changed, tti 
the organ itself is altered m consequence. 

The l^tidtri of the Mammoth Cave, U.S.A., have been recently eianuDCii 
by Mr. A. S. Packard, Jim,, who states ("American Naturalist's Majnnae") 
" that the; occurred more abundantly in all the caves than we expectid. 
The individual abundance was greater in the smaller c«Tenu, eipedall; 
the Weyer'fl caves, than any others. In the Mammoth Cave the Antbntai 
-occurred under stones in dry but not the driest places, on the bottom, ll 
different points in the cave. Sometimes two or tbrae cocoons would t 
found under a atone as large as a man'a bead. The cocoona were otbicnlafi 
flattened, an eighth of an inch in diami-ter, and formed of fine wlk, and o 
tnined from two to fire eggs. They occurred with eggs in which thebl«i 
dermic cells were just formed, April 35. The cgga wore few in nnint 
and scorned large for so small a apider, being ^\~^ inch in diMnct<«. 1 
chorion is very thin, and finely speckled. The Uaatodermie celU smb 
very la^, the largest measuring nearly j^ inch in diameter. Thcjr w 
round, not closely packed, and showing no indications of being polyfoaal 
They all had a dark, very distinct nucleus. I was unable to tnc* tbe di 
velopment of the young, and ascertain if the embryos arv providid WttI 
rudimentary eyes. Two young Anthrubiir batched out Uay 3 Jn my noa 
The whole body, including the legs, is snow whit«, wiUi tli« leg* au 
■horler than in the nduJt. The adult in lib is whit«, tinged with ft n 
Ijijut Uesh colour, with tbe abdomen reddish ; in some spccunena Um tMa 






has heneftth several inrco trnnsveree duaky bjinda. The Lini/phia 
tMerraiua, as observed living in Wj'nndotte Cave, u pule ptnkiah bora- 
brown on the thorax and lepi, ivhile the abdomoa is dull honey-yollow." 

The Imectt af Keripwien Iiiand. — At the meetinfl' of thn Entomniofriwil 
Society, on May 3, Mr. M'Lschlan read an oitract from n report made to the 
Koyal Society on the natural history of Karguelen'a Island, by the Rev. A. 
E. Eaton, who waa attached as naturalist to the Transit of Vnnus Expedi- 
tion to ths island. Nearly all the insects were remarkable for hein^ either 
apteroua or with greatly abbreviated wings. There were two Lepidoptera, 
one {only a larva) probably belonging to the Noctuina, the other to the 
■Kaeina, Of the Diptera, one speciea had naither wings nor halteres; 
naother lived habitually oQ rocks covered by the tide at high water, and ita 
inrvn fed upon n apecies of seaweed. All the larger Coleoptero seemed to 
bare their elytra soldered together. Mr. M'Lachlan said that the theory 
aa to the apterous CAndition of the insects was that the general high winds 
prerniling in thoae regions rendered the development of wings nselesa ; and 
Mr. .lenner Weir remarked that the apterous condition waa correlated with 
the fact that plants under similar circumstances were apetalous and self- 
fertilising, and benoe it was supposed that the erislence of winged insects 
was unnecessary. 

AiiJo'ton School of NnliirrU flutory.— Mr. Alexander Agaasiz has given 
i-followingnotice;— "The experience of the past two yeai'a has shown 
it will be impossible to carry on the School of Natural Hiatory at 
"le same terms as formerly. At the close of the last session 
the trustees had exnauated their resoutces. They propose to charge a fee 
of fifty dollars for the season of 1875, and to carry on the school during the 
coming summer if a sufficient number of iipplications are received in lime 
to laake the necessary arrangements. Even with tUe full complement of 
Etudenta, there will be a con»derable deficit <~as was the case last year) to be 
met by the friends of the school, the position of Penikese necessitating 
many expenses which need not be incurred in a more favoured localiW. 
Applicatioas should be sent at once to the Director at Cambridge, Mass. 
Preference will be given to teachers and to those who intend becoming 
teachers." 

TAe Katuraliit* on the Ardv: Rvpeililion. — The naturalists appointed to the 
Arctic Expedition are Mr. IL C. Hart, B.A., and Capt. 11. W. Fielden. 
The former will, wo understand, be attached to the Dineovfry, Capt. 
Stevenson, the latter to the Alert, Capt, Nares. Of the four medical 
officers selected also, one at least has a fair knowledge of natural sdence. 

Nott» on the Li/gienida:. — At a meeting of the LinnB>an Society, May 0, 
Mr. A. S. Butler read some notes on the Lepidoptera of the family Lygie- 
nida, with descriptions of new genera and species. The main object of this 
paper was to rescue this section of Lepidoptera from the confusion into 
which it had been brought by the creation of new species and genera on in- 
sufficient grounds by Mr. F. Walker. Some very curious instances of mimet- 
ism were mentioned between parallel series of species of bumet moths and 
of Ilymenoptera. 

Completion of Cam' Handbook of Zoology. — This book has, after a lapse 

many years, been at length completed. The final issue concludes the 
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accoUQt of tbe Vertebmta, and treala of the lioliascn and MHIlM 
The publication of the pdrte of tbia work has certmnly been inc^ulwr, till 
second volume bating' appeared in 1663, and the first purt of the fint Tolum 
in 1806. The iea»on of tbia U now full; explained in the preface. Dr. 
Peters, of Berlin, who bad originally undertaken tbe Vertebrata, was Molot 
lunately forced by pressure of other occupations firat to delay and then t 
relinquish tbe execution of the task ; And thu*. with the exception o( lb 
Arthropoda, which were treated of by HerrGerstaecker, the whole weight d 
the work eventually fell into the nble handa of Professor Carua. 

The SeceloptHent of the Oi/gler ia tbua fully giron by Mr, pRckftrd (in t: 
*' American Naturalist," May 1875). The course of development is thn 
Alter the segmentation of the yolk (morula atsge), the embryo dividM intl 
a clear peripheral layer fectoderm), and an opaque inner layer containing tJ 
yolk and representing the inner germinal Inyer (endoderm). A few fiUmMit 
or large cilia arise on what iatoformtbe velum or the future head. Theahel 
then begins to appear at tvhnt ie destined to be tbe posterior end of tl 
germ, and before the digestive cavity arises. At lliis sts^ the twolayeK^ 
^erm ia said by Salenaky to represent the planula of the sponge. Tbe di 
tive cavity IB next formed (gastrula stage), and the anus appears just behind 
the moutb, the alimentery caoal being bent at right anglea. MewtwbiU 
the shell has grown enough to cover half the embryo, which is now ia th« 
"veliper" atage, the "velum "being composed of two ciliated loW i 
^nt of the mouth-opening, and comparable with that of tbe gaattopodl 
larvffi. The young oyster, as figured by Salensky, is directly compan^ila 
with the veliger of the cardium. We have, then, three stages of growth 
in the oyster; (1) the morula, (3) the gastrula (vrith the digestive ckti 
yet undeveloped), and (3) the veliger with an alimentary canal »nd a bead 
and hind body (ccphalula). This is an epitome of the mode of developmnit 
of most of the lamellibrancbiaCe molluscs whose embryology b Imown. 
Soon the shell covers the entire larva, only the ciliated velum projection 
out of an anterior end from between the shells. In this sta;^ the larraL 
i/yster leaves tbe mother and swims around in the water, the cilia of th* 
velum keeping up a lively rotary motion. In this state LacaiA-Dutbien 
observed it for forty-three days, without any striking change in forni,'"XWpt 
that the velum increoaed in size, and the auditory vencle appi-ared, oonlaiD- 
ing several otoliths, which kept up a rapid motion. But still the gills a 
heart were wanting. Of ita further history we know but little, except thst 
it becomes fastened to some rock and is incapable of motion. The oyster is 
■lud, by the appearance of its shell, to be three years in ntUuning ila fall 
growth i but this statement needs confirmation. 
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ONE of the greatest diflBciilties which the syt 
ralist meets with in the examination of the fauna of a 
new country is that his old ideas of classification are per- 
petually shaken by contact with new and strange life-forms, 
>vhose places are the more hard to fix in proportion to the pro- 
crustean character of the system into which he strives to fit 
them. 

Nor can he escape from the dilemma by refusing to admit 
them altogether, like Dr. Shaw in the days of old, who (so 
the story goes), on finding a shell, not described in Linnseus's 
" Systema Naturae," gave it a rap with his hammer and brushed 
it away I 

But, great as are his difficulties, they are light compared 
with those which the palaeontologist encounters as he exhumes 
the fragmentary relics of bygone faunas, and strives by the 
lielp of existing organisms to rehabilitate the crumbling re- 
mains of a former world. For he knows that the vast assem- 
blage of living forms which he sees around him to-day have 
sprung, by descent, from the earlier life of the past, and that 
consequently no system of classification can be deemed complete 
unless it embrace both Neozoic and Palaeozoic faunas, linking 
together in one wide and comprehensive scheme the living 
present with the dead and far-oti' past. 

In striving to attain to this much-to-be-desired classification, 
however, a serious obstacle arises from our very imperfect 
knowledge of the greater number of extinct animals, espe- 
cially those belonging to the higher forms. Of their soft 
parts we can know but very little, whilst with the skeleton itself 
we are, as a rule, only able to attain to a very imperfect 
acquaintance. There is perhaps no order of animals to wliicli 
these remarks apply with greater force thaxL to \>aaX» o^ ^vt<\&, 

VOL| XIY.— If 0. LYIL Z 
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Although their remains in a fossil etat* are but few in niimbe 
tliey neverthelosa possess a remarkable degree of interest whia 
even the more abmidant relics of other classes cannot superaedi 

Ornitholites have been met with in at least a dozen differei 
localities in the Tertiary deposits of Eiu^ope, and also at two i 
three places in our own island. 

Specimens have been obtained from the Miocene of Alb'i 
in France, which M. Alplionse Milne-Edwarda " has referred t 
about seventy species of birds of various groups, some of whii 
do not belong to the present fauna. Parrots and Trogons i 
habited the woods ; the edible swift-s built their iie&t« amoi 
the rocks ; a " Gecretary bird," a marabout stork, a flamingQ 
an ibis, and other birds served to give to these localities i 
early Jliocene times a strikingly South African fades, tb 
bird-bones of the Mayence Basin present a complete ^imilarit 
to those of AUier. 

Bird-remains occur also in the Miocene of t^ningen, net 
the Lake of Constance ; in the Upper Kocene of Puy de Domi 
Perignat, and Auvergnc ; from the Eocene of Montmartre an 
Aleudou, near Paris, whence M. Alphonse Slilne-Edwards hi 
also determined several new genera of birds, aa tlie Crtfptwni 
and the Palteogitkaiun, whilst the Otfpsornia is described t 
the giant of the family of " Rails," being as large as a etorf 
From our own Eocene of Hordwell and JSheppoy Prof. Owe 
has recorded the genera Kulci/omis and Liilun-nis % also a lti» 
strutJiiouB bird of the size of the living ostrich (the Dntuinu 
LondmvmBi9\ and a still more remarkable bird, the Odenit 
ptcryx toliapicua, to be piesently referred to moie fulty. 

With the two exceptions of the Eocene slate-rocks of tli 
Canton Claris, in which the almost entire skeleton uf a sina 
passerine bird, about tiie size of a lark, has been dlscuvrra 
and thtt gypsura quarries of Montmartre, where two or tlire 
connected skeletons of different species of birds have bea 
found, these remains consist of detached bones or fngnHm 
only, or of eggsor feather impressioii3.t 

Parts of a large " fossil" bird have been obtained from tb 
Sewalik Hills, India; whilst Mudaguscar has yielded to tti 
studies of M. Alphonse Milne-Edwards and others, remains • 
three species of jEpyoiius, whose affinities are clearly recoj 
nisable with the Dinomu and Apalornis of New Zealand. 

In the recent deposits of the ^lascarenes the remains of tl 

* " Aiitmlee (les Scieocei NnturoIIes," 1671, »^r. S, Zootogie, tuu. xn. 

t See "UebfiT Foaiilu Eier uad F«deni," von Uemiuin von 'iltjt 
"PnlasonlogniphicB." Caswl, (18(55-fl8|, pp. 233-260, pi. 80-8^ iB; — 
«f ^ niid fcnilicM ftic i^cscrtWil ntU ligurt'd froro about ten nvf^^l 
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extinct Dodo, Solitaire, ApJuinapt&n/Xj giant gallinule, parrots, 
&c., mark the last representatives of the terrestrial fauna of a 
once extensive continent, now submerged save the islands of 
Mauritius, Bodriguez, and Bourbon. But the majority of 
these, like the extinct wingless birds of New Zealand, the 2)i- 
7i07W«, with the Apataimis defosaor (Owen), the Notomia 
Manteili (Owen), the great extinct goose, Cneviimmia cal- 
citrana* (Owen), and the gigantic penguin, Palceeudyptea 
antarcticua t (Huxley, discovered by Dr. Hector), and an ex- 
tinct gigantic bird of prey, the Harpagomis Moorei, Haast,{ 
may have lived down to the time of man's advent ; nor do 
they oflFer any remarkable peculiarities which might justify 
their separation from existing birds. 

Formerly the remains of a " longipennate natatorial bird, 
equalling the albatross in size,"§ were recorded from the chalk 
of Burham, near Maidstone ; but theae relics are now referred 
to Ptevodadylua ffiganieus, the largest and the last form of 
flying reptile known in the history of the crust of this earth. || 

Among the numerous fragmentary vertebrate remains from 
the Cambridge greensand — a formation most extensively worked 
for phosphate of lime for artificial manure — the late Mr. Lucas 
Barrett in 1858 discovered the remains of a bird rather larger 
than the common pigeon, and probably belonging to the order 
Natatores, and, like most of the gull tribe, having well-deve- 
loped wings. Portions of the metacarpus, metatarsus, tibia, 
and femur have been detected, and the determinations of Mr. 
Lucas Barrett have been confirmed by Professor Owen.H 

That the existence of birds at the period of the formation 
of the Secondary rocks should haVc been first made known l;y 
their footprints may seem strange ; but as far back as 1835 a 
notice appeared in Silliman's '* American Journal of Science " 
of the discovery by Dr. Deane of impressions resembling tlie 
feet of birds upon some slabs of New Eed Sandstone from the 
Connecticut Valley in the United States. 

Prof. Hitchcock was the first who submitted these tracks to 
a careful scientific investigation, and he concluded that they 

• "Tmns. New Zealand Inst." 1874, toI. \i. p. 76, pi. x-xiii. 

t Op. cit 1872, vol. iv. p. 341, pi. xvii. nnd xviii. 

X Op. cit, 1874, vol, tL p. 62, pi. vii. and viii. 

§ "Geol. Trans." 1840, 2nd series, vol. vi. p. 411. 

II Owen's "Palaeontology," 2nd edition, 1861, p. 275. 

II Lyeirs " Manual," 6th edition, 1866, p. S30. By an error, ^Ir. I.ucas 
Barrett, F.G.S., figures in Lyell's "Elements" as "ilf. Louis Barrett." 
Barrett was bom in London, and was for some time curator of the Wood- 
•vmrdian Museum, and afterwards appointed Director of the Geological 
Survey of the West Indies, where he was unfortunately drowned. 
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Timwiie- f'-jaei:-f :•: lijr fur.Kirii::* of no le>* than thiii^f-iv) 
A|jM -'#.-* f- izmrrw Liii Tv-blrr c .i&^irui^--. Thirty are believe»l 
-' :tt :cr>w i.r- truitr .c lisLrdf, 'wj of chelonian?, and rfiof 
*i;.^-ii:'Liki:-. Tiir :rL.:E-- Li.Tr refn f-'iL-i «'»vf-r an extent of 
li-i^r 7.^1-- zi—irr li ..rl Lii5 sTi-Li. iTii in inT-? than twcn*v 
iiau'T-r. '^^"J i^i reje-LTr-i Tir.«'2^i a f.:o?€^-:in of K-d* attain- 
-iiT :*" ?« tnjT T»: iLir l ii-ifzif^^ :: ranrr than iJ.XX) feet, and 
.•rruni'fL. 'j^'^'-K^i-Tr^zijiriifi^is :•: vej^r? in formation.* 
X iTt *!iLz. L^*y. ^"z^y.-.z^ LiTr teen examined bv Prof. 

• T:tr ilt.^^'.iL. :r::.rrfs;»i:f ij-r fr-r tie m-^ft pan fr/r?. 7. and 
s:« ¥ -:?r sLiL«t ii;i:.':er .: -•lii.ti if eiif: in the feet of living; 

• >ii:!i :ur:2? 'ia.^r -irer T^lilsr^eil ti:-n« for the inner t^^, 
7 tir Ic :it n^oiir, LZ:i t't ::r the n:er one. l«ut the im- 
^ir:»v::.i ':' -.:•* : r-r=.:ruw ' . il: if thi: o: the nail onlv. Th*? 
i.^yfi- ■ • '~:ir_i> txi:!'.: rer-li-r>. -B-i.-rre the ::•:!.:? are feen. thf 
sLiur rizLitr-r . iiiL 'Tz i^:*z iz. r'^i'z. r-rTLtir-uri^ li^e of track? the 
■:.rt*i— ':L:.:T*i ll-i f.'r--. ii.:T-i : e? iLi.-vii altc-riAatelr outwards 
f.->: :ii .•!•: ?L'.j: Li'i H'tri. icii-r .t'rr. In >omf impreffioiif, 
ttr-^'i: ::'r :.ir-.*: :.•:> II. fr:-!.: ::.r rjiLziri:: of :Le fourih t -c i* 



.» ■». •• 






•- :7 xT, 






z.i:r:i :-:Lf :»e^n nne en-'ii::;! tj 
•jzirLi :r fkin oi the foot : \*'i: 
r*ej.zf a: T^inierV Fallf, ••:! the 
1^ iTf "srell preff-rve.i. and l.ave 
f re>r'^': lii.^' :L- ^kin of tLe 



.'.->:-■.•:: ii..rj-il .zlj :.:.? '.•i^i :':.s-:r.r.i, i~ wLi.:, ::;ere an/ f v.ir 
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A, 

:? >:^i. :-,:. "ivriiTT-:--; :i.:li> l.'-^ -::i :vs--l-.e wide, with 
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As?s..n.T^ ::.: :'.rrr::-f>f .: ::.v :i-in:-n . li^' ajo esprt->-r.i 
": ; It. >tii.:r-l. :._ : f .:>f- ::fz:> It Pr .f. Lriiy of PhiLi- 
i»r>..:-j:« }V:f. K.:i"-rv. .v::: .•:'irrf, :hjt 1 7. lu i:»t. Il'ilrt- 
<\ .fs, :-f "5r;ll ,.Ti .::.:r f ::r :-:■::?: rxif la:: i-liz^rdf of tIi-- 
>;o.ci.i:.- r.KK?^ r^:.7 L.s»r f.ii-r-.-r'ei them>r*vr-. for a time at 
l:i>'- ■.:;:•: "1 :':.-:r L:::i ir^?^ :".:rr. > me ''f th-.-f.? remarkablo 

T:- i->,.v;rv ';-.- Mr. >. H. Beokl.-?. F.K.S.. in iiie ^hibs of 
T\vcl;sr:is:rxr.; ^.i.:: .i>:o::e. near Has::::^?- of pair? of la r^^e ihre«^ 
i.oir.viyri-:.^ ,f?-:La ?:.t.-* and a: fuoh a distance apart, that ii 






- McUL Asirr. AcaJ." new series voL iii. p. li*'.». 
i*^" G:h edition. 1 "sJ-j. p. 40:3. 
JCL Ge?L Sjc" 1674, toL xxx. p. 8. 
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is difficult to believe them to have been made by anything but 
Iguanodon/ lends further confirmation to this conclusion. 

The first evidence of the existence of a bird in strata of 
Oolitic age was furnished by the discovery of tlie impression 
of a single feather in a slab of lithographic stone from Solen- 
hofen, described and figured by Hermann von Meyer in 1861.t 

To this fossil impression H. von Meyer gave the name of 
Archceopteryx litkographica. 

Later on, in the same year, Professor Andreas Wagner com- 
municated to the Royal Academy of Sciences in Munich the 
discovery (in the same formation at Solenhofen) of a considerable 
portion of the skeleton of an animal with impressions of feathers 
radiating fanwise from each anterior limb, diverging obliquely 
in a single series from each side of a long tail. 

Dr. Wagner's paper (written shortly before his death) was 
wholly founded on the reports of M. Witte of Hanover and 
Dr. Oppel of Munich. From their information he was led to 
conclude that the affinities of this wonderful creature were 
strongest to the Eeptilia, and he regarded its natural covering 
as merely " presenting a deceptive resemblance to feathers," 
and named it Grvphoaaurua. 

Hermann von Meyer concluded that the impressions repre- 
sented actual feathers, and that the single feather, already 
noticed by him, doubtless belonged to the same animal. But, 
even so, they need not necessarily be derived from a bird. 
Indeed, the feathered fossil from the lithographic stone of 
Pappenheim, in Dr. Haberlein's collection (of which he had 
also heard) differed essentially from our birds, and need not 
necessarily be a bird. The simple tarsus (writes von Meyer) 
shows that the animal does not belong to the Pterodactyles, 
and the formation of the tail contradicts the idea that we con- 
nect with our birds, yet the feathers are undistinguishable from 
those of birds. 

Happily for British palaeontologists, this remarkable avian 
fossil was secured for our national collection in 1862, and a 
memoir thereon was presented to the Eoyal Society by Professor 
Owen,J and read on November 20 of that year. 

I also published a figure, and gave a brief account of the 
Archceopteryx in the " Intellectual Observer " for December 
1862 (vol. ii. p. 314). 

The specimen is preserved in intaglio and relievo on two 
slabs of Solenhofen limestone, the lower of which, doubtless, 
represents the ancient surface of what was once tidal mud, 

• See " Quart. Jour. GeoL Soc." 1862, vol. xviii. p. 248. 
t " Jahrbuch fur Mineralogie," 1861, p. 661. 
X See "PhiL Traus." 1863, p. 83, pi. 1-4. 
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wliicli tlie bird w:i3 left at the Limo of iU i 

r buiflg composed of the layers deposited l)y subseqar 



upon 

upper 

tides, and to which ive are indebted for the preservation of t 

fossil. 

The impressions of the feathers are most beautifully preservt 
upon the lower alab, exhibiting the tail and wings and son 
further portions of the skeleLon itself. The head, neck, ai 
dorsal vertebrso are wholly wanting. The right scapula ai 
humerus and both the fore-arms are well preserved. Two 
the digits of the wing appear to have been free, and armed wil 
sharp reourved claws. 

In modern birds the anterior of the three digit* of the pinlc 
remains free, and in some species supports a claw or spur, «< 
the Syrian blackbird, spur-winged goose, the "Jacana"; tJ 
Screamer {Faiamedea cornuta) has two spurs ; the Sle^poc 
has a tubercular rudiment of a pinion (Owen). 

The lower right limb is well preserved, consUting of femi 
tibia, and tarso-metatarsal bones ; to the latter bone four ti 
are articulated, one hind toe and three fore toes, having bw 
rally I, 2, 3, and (4?) joints as in all birds, and armed wi 
strong recurved claws, The foot agrees well with that of a ti 
perching-bird, but from the lanwiee and rounded arrangema 
of the wing-feathera it would appear to have been a bird 
feeble flight. 

On the occasion of the reading of Professor Owea's 
November 20, 1862, Mr. John Gould, F.R.S., the oraithologil 
expressed the opinion that the wings of the A rchceoptari/x wa 
not adapted for flight. 

The most singular and unavian characteristic of this Oolrt' 
bird is its tail, which is complete, and consists of twenty 
elongated vertebriE, the dimensions of which slowly, but 
stantly diminish, so that the last is the smallest. The 
of the tail are attached in pairs to each vertebra throughout 
entire length. 

In most recent birds, we find the tail very short I 
powerful, composed of vertebrje, varying from five to nine 
number, having well-developed spinous proceases on their aju 
and under side^tbe last vertebra being very peculiarly 
and, with few exceptions, iihvayn the taiyest. This laat jail 
called the ploughshare btfne or os cocq/ffis, is composed of two 
more coalesced vertebrEe, and gives attachment to the rvtric 
or rudder quill-feathers of the tail, and support* the coocygi 
oil-glands. 

" With the exception of the caudal vertebne," writes Profea 
Owen, " and possibly the biunguicniate and lens conflmmt 
-*ttion of the manus, the part« of the skeleton presen'ed in tt 
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rare feathered fossil animal aecord with the strictly ornithic 
modifications of the vertebrate skeleton." 

But he adds : ^^ All birds in their embryonic state exhibit the 
caudal vertebrse distinct, and, in part of the series, gradually 
decreasing in size to the pointed terminal one. 

''In ArchfiBopteryx the embryonal separation persists with 
such continued growth of the individual vertebrsB as is com- 
monly seen in tailed vertebrates, whether reptilian or mam- 
malian." 

Professor Owen concludes his able memoir thus: — ''By the 
law of correlation we infer that the mouth was devoid of lips, 
and was a beak-like instrument fitted for preening the plumage 
of ArchcBopteryx," &c. 

Among the many careful investigators who examined the 
Archceopteryx from day to day after the arrival of the fossil 
bird, and still more after the reading of Professor Owen's paper, 
none took a more lively interest in it than Mr. John Evans, 
F.B.S., the present President of the Geological Society of 
London. 

It was by Mr. Evans's exertions that a rounded nodular 
mass (see Plate, fig. 3 6.) standing up in relief from the surface 
of the slab, attained the honourable comment from Professor 
Owen that it "may be, as suggested by Mr. John Evans, 
F.Gr.S., part of the cranium with the cast of the brain of 
Archceopteryx.'*^ 

It may be well here to state that, having once arrived at the 
idea that this was a cast of the cerebral hemispheres of the brain 
of Archceopteryx, Mr. Evans gave orders to his game-dealer to 
send him every queer bird that came to hand, and as in 
winter we have, from our insular position, the strangest assort- 
ment of marsh-loving birds shot and sent to the London 
market that are perhaps to be met with anywhere, Mr. Evans 
was soon fully employed. Each bird's cranium was care- 
fully cleaned out, and a cast of the interior made by pouring 
liquid plaster of Paris into it through the foramen-magnum. 
When set, the skull was cut across so as to remove the upper 
and anterior portion and expose the cast of the interior for 
comparison. One of these casts of skulls (that of a carrion crow) 
so prepared is figured in " The Geologist," vol. vi., for January 
1863.* I believe the one which Mr. John Evans conceived to 
be nearest in form to the cast of the brain of the Archceopteryx 
was a cast of the brain-cavity of a woodcock. I allude to it, 

* Another of these casts — cast of the fore part of the brain oi a magpie 
(Corvus pica) — is figured by Professor Owen on the plate of ArcJuBopteryx 
which acoompanies his Memoir, but by an oversight has not been credited 
to Mr. Evans. 
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however, merely in passing, as collateral evidence in favour of a 
still bolder proposition put forward by tliat gentleman will 
regard to another stray iragment presened on the slab on wbii' 
tlie Archseopteryx reposes. This is referred to in the expl 
nation of Plate 1 of Professor Owen's memoir as " fig. 3 ji\ 
Prenmxillary Iione, and fig. \p, its impression, resemhling t^ 
of a fossil fish." 

Mr. John Evans has published a very interesting acconnt 
his investigation of this little fossil jaw, which appeared in tl 
'- Natural History Eeview," * from which I shall venture to mak 
a few extracts. Mr. Evans writes : — 

" On the principal slab in the angle between the right, femii 
and tibia is a small V-shaped object ; the longer of the tw 
limbs about 1^ inches in length, made up partly of mineralise 
bone and partly of impressions of other portions of the ni 
bones preserved in the counterpart slab. From it^ form it it 
I believe, been considered as possibly representing the beak 
the Archceopteryx ; but great was my surprise when I delette 
along its right hand margin, towards the apex, the distinct 
pression in the slab of four teeth still attached to it. The \t 
themselves remain adhering \a the coimterpart, and are easl 
recognised by the lustre of their enamel. There seems aLu 
be a portion of a fifth tooth visible, which has been displace 
and lies across the base of that nearest the point of thejai 
The portion of the jaw to which they are attached ia unfoita 
nately much injured, and there is no appearance of any t«etb il 
connection with the other limb of the V." (See Plate CXXV, 
fig. 3 c.). 

Whether the whole is a lower jaw, with the teeth, or rather 
few of them, remaining in one hidf only, and with the sympbyi 
of the jaw at the point of the V ; or whether it ia a portion 
an upper jaw in which the second limb of the V would he p 
bably part of the facia! and nasal bones, I cannot pret«nd 
determine ; and I am afraid that the whole is in too fragnwi 
tary and obscure a condition for any positive conclusions to f 
drawn on this point. 

The character of the teeth, however, appears to me to be vi 
defined. The three which remain in a vei-tical position wi 
regard to the Jaw are about O-IO inch long, and at int«firal» 
about 0-20 inch. Tbey consist of a slightly t-ipering BftttenC 
enamelled crown, about 0'04 inch in width, and obtusely poiiitn 
set upon what is apparently a more bony base which wideni of 
suddenly into a semi-elliptical form, so that at the line of il 

• " On rorlions of n Cnuiium nnd of « Jnw in the Sl«b conttioiaitl 
Fowl lleniBiM of Ibu Archaopteryx." By J'jhu E»hii», FJt.K., PXU 
" Nttural Uulory Itemw," Jul; 1685, p. 4I&. 
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^^^ment to tlie jaw the haee of one tooth comes in contact 
^Htb that of the next. So sudden and extensive is this widen- 
^^K of the base that ut first it gave me tlie impression that the 
^Hitb were tricuspidate with the middle cusp far longer tbiin 
^Kb others'. 

It The front tooth of the four, which slopes forward from the rest, 
^bd ie rather Fmaller than the others, shows little if any similar 
^pbrgetnent of its base. Of the fifth, which lies across the base 
H{ the foremost of the other four, only a part is visible. Theie 
^Etpears to be a well-defined line at the base of the teeth along 
^Keir junction with the jaw ; but I can offer no opinion as to the 
^Bethod of their attachment. It is of course contrary to all onr 
Hnating notions to suppose that a jaw, tiuch as this, armed with 
^■etht could belong to a creature bo tndy bird-like in most re- 
^■0ct« as the Arcbssopteryx ; but assuming it to be that of a 
^bt — and it has many analogies with the jaws of some species of 
HU) — or of some other animals accidentally deposited in the 
^b|y midst of the remains of that singular creature, it appears 
^^me that, fragmentary as it is, its characters are sufficiently 
^Hpned for any one well versed in the fossils of the Solenhofen 
^Kte to come forward and identify it. 

^■Up to the present time, however, I have not heard of any 

Hpe having been able to do so, and certainly the jaws and teeth 

^K the Lepidotoua and Phoiidopkorous fi^es from the same 

^bd8, such as I have been able to calamine, all differ from this 

^■tsome more or less important particulars. It appears to me 

^Bk> that the teeth and jaw of the Archisopterys slab are rather 

^■gfater in structure than those of fishes of corresponding size, 

^■ough this is a point on which I would by no means insist. 

^ft Looking at the usual dispersion of the fossils in the Solenhofen 

^Ektes ; looking also at the general rule (to which, liowever, there 

are some exceptions) that the fossils in it are found singly, bo 

that all the remains of a reptile or a fish upon a single slab may 

usually be assigned with some degree of confidence to a single 

individual, the chances against a single extraneous jaw being 

mixed up with the remains of the Archasopteryx, without any 

other bones of the animal to which the jaw belonged being alao 

present, are great, indeed. But how enormously are the chances 

against such an occiurence increased if the jaw thus accidentally 

present is that of a species of fish or reptile hitherto imknown. 

In order to secure the best possible information on this point, 

a carefid drawing was made of the little jaw and submitted to 

the illustrious Hermann von Meyer, who replied from Frankfort, 

April 4, 1863, as follows:— 

" In Paleontology it is difficult to judge from drawings, but 
the two supplementary objects which Mr. John Evans has suc- 
ceeded in discovering upon the Arckceoptert/x slab are certainly 



346 



POPTTLAB FCIBSCE KBTIEW. 



of the greatest importance. Upon the part which m*y belumi; 
to the hinder part of the skull I hazard no opiQiuu. Mnci 
more important is the jaw. Teeth of this sort I do not kom 
in the lithographic stouo. There exists no similarity betneei 
tlipm and the teeth of Pterodactylea. The ueareat Ukenesi i 
to the teeth of my family of Acroaaitrita, namely, to the Aen 
sauruH Frischmanni, Meyer (" Reptilea des Lithog. Sohiefen, 
p. 116, t. 12, f. 7-8), from the lithographic slate of Bavaria,! 
which however the crown is lower and longer from hack I 
front. In PUuroaaiiriia Meyeri (" PalKontographica," j. | 
37, t. 7 ) which belongs to the same family, the teeth possess lea 
UkeneHS. One might also be reminded of the teeth of L6 
6flo«rtUJiw Soemmerlngl, Meyer (" Deutsch. Akad. Municiii' 
1816, p. 36 ; Cuvier, Oas. foss. pi. 249, fig. 2-6), which, ho* 
ever, are much longer, 

"From this it would appear that the jaw really belong* 
the Archajopteryx, An arming of the jaw with teeth wo 
contradict the \iew of the Archsopteryx being a bird or 
embryonic form of bird. But, after all, I do not belien 
that G-od formed his creatures after the systems devised byoQ 
philosophical wisdom. Of the classes of birds and reptiles as i 
define them, the Creator knows nothing, and just as little of i 
prototype, or of a constant embryonic condition of the bird 
which might lie recognised in the Archaeopteryx. The Arcfateo 
pteryx is of its kind just as perfect a creature as other creature) 
and if we are not able to include this fossil animal in our ey8t«tit 
our short-sightedness is alone to blame." 

It will, of course, be observed that this opinion of Von Meyc 
is founded on my drawings alone, and is therefore of course 
ject to a revision on an ejcamination of the slab itself. But 
certainly appears to be a case made out for careful investigatia 
by those more competent than I am to form an opinion in nil 
a case. Its extreme importance as bearing upon the great qiu 
tion of the origin of speeies must be evident to all, and I for « 
see no reason why a creature presenting so many anomalies 
the ArchKopteryx, all of which, however, tend to link togetbc 
the two great classes of birds and reptiles, should not also hki 
been endowed with teeth, either in lieu of, or uombiued with 
beak, in the same manner as in Rhumpkoi-hynchun, with wliic 
it exhibits other affinities. The tooth-like serrations in tl 
beaks of many birds — and notably in the Mergnivser aerroto 
— where they closely approach in character to real teeth, tbougi 
connected only with the homy covering and not with tl 
bones of the mandible, are sufficient to prove that the proMfi< 
of feathers does not of necessity imply that the lieak with 
to preen them should be edentulous. 

A reference to our figure of the Merganser ( Plate CXX^'i 
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^^K 1 o), well illustrates this point ; and on referring to tlic skull 
^^nate CXXV., a^. 1 b) it will be seen that each serration OQ 
the l>euk of th« Merganser has its corresponding denticle on the 
!)iandtbidar border of both the upper and lower jaws. Such an- 
other bird, with more powerful tooth-like serrations on its 
mandibles than are possessed by the Merganser, has lately been 
tigared and described by Professor Owen from the London clay 
<if the Isle of i^heppey, which has already yielded to the same 
di^inguished comparative anatomist an ostrich, a vulture, a 
kingfisher, a small wading-bird, and numberless remains of 
Xammalia and Heptilla of the greatest interest to the palj;oK- 
tologist. 

This bird, the Odontoptei-yx toUapicus of Owen, is repre- 
i^ented by a single skull,* which we reproduce on a reduced 
scale on Plate CXXV., fig. 2, has the bony denticles inclined at 
u considerable angle, their points being directed towards the 
anterior extremity of the beak in both the upper and lower jaw, 
whereas in the Merganser they incline inwards towards the 
articidation of the jaws. In the fossil skull the tooth-like 
ferrations vary, larger and longer teeth alternating at intervals 
with more numerous shorter ones. 

Professor Owen concludes "that Odcmtopteryx, like Archcso- 
pUryx, was a warm-blooded feathered biped, with wings ; and, 
further, that it was web-footed and a fish-eater, and that in the 
catching of its slippery prey it was assisted by this pterosanroid 
armature of its jaws."t 

Having thus, with the assistance of Professor Owen, disposed 
i»f the difficulty arising from the law of correlation, whicli 
requires that a beak and feathers should be associated together ; 
and having shown that both a fossil and a recent bird liad un- 
doubted tooth-like serrations to their mandibles, let us next 
enquire whether the assumed possession of teeth coated with 
enamel and implanted in sockets (such as those which have been 
.ittrihuted to ArckcEopteryx. See Plate CXXV., fig. 3 c.) by 
Mr. John Evans, are irreconcilable with the undoubted fact 
that it was an animal clothed in feathers. 

P"«ferring to Professor Owen's "Comparative Anatomy and 
dology of Vertebrates," 1866, vol. ij. chap. 17, p. 145, 
er the sub-heading " Beaks of Birds," ia the following : — 
In place of teeth these bones are provided with a sheath of 
ly fibrous material, similar to that of which the claws are 
The diBcoTery of the ornithic dmracter of this foseil, find tho working 
out of the teeth, nre due to my eateemed colleajiue in the Oeologiail De- 
{inrtoieiit, Mr, William DavieB, who haa added bo much to our knowledKO 
of eitinct lifo-fonm amODg the VertebialA. 
~ t '• QuMt. Joum. OeoL Sot" 1873, toI. xxii. p. 520. 
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composed : this sljeatli is moulded to the sliape of the oeseoat 
mandibles, beiiig formed by a vascular substance coYering thta 
parts, and its margins are frequently pro\-ided with homy pnv 
ceases or laminiB secreted by distinct pulps, analogous in tlii» 
respect to the whalebone laminoB of the whaJe." To this i( 
added the subjoined singularly apposite quotation from Gpoftoj 
St. Hilaire, Et. " Systeme Deutaire des Mammiferes et dff 
Oiseaux," 8vo, 1824:— 

" In a fcetiis of a parroquet, nearly ready for hatching, tit* 
margins of the bill are beset with while and roimd tuberclo, 
arranged in a regular order, about seventeen in tbe upper ia», 
the foremost on the mid-line. These tubercles are not imaA 
implanted in the alveolar border, but form part of the sfaettb 
of the bill. Under each tubercle, however, there ia a gdfr 
tinous pulp, like that of a tooth, but resting on the edge of tbe 
jawbones, and every pulp la supplied by vessels and vcrvM 
traversing a canal in the substance of the bone. These tub«- 
cles form the first margins of the mandibles, and their remuni 
are indicated by canals in the homy sheatb subsequently fonard, 
which contain a softer material, and which commence froa 
small foramina in the margin of the bone." 

If, then, we accept Professor Owen's interpretation as regndl 
the embryonal character of the long tail and the free digit* rf 
the wings in Archceopteryx that it is a true bird, but *ili 
" a retention of a structure emhiyonal and transitory in Gn 
modem representatives of the class and a closer adhenon t* 
the general vertebrate type," then it is fair to assume thit 
the presence of teeth in the mandible of such a bird is equalljF 
admissible both on the evidence furnished by the emhrjit of • 
living bird, the parroquet, and also on the grounds of » doftf 
adhesion to the general vertebrate type. 

But, it may be urged, "your proposition that the j<rcSi»- 
pteryx had teeth is a pure assumption. Show me some evidenw 
of a fossil bird whose bead and skeleton are in jtutapositino 
so as to leave no reasonable doubt of their unity." Happily f* 
our argument, this is exactly what Professor 0. C. Marsh h»» 
succeeded in doing in the case of two distinct bird-reniaiw 
from the Cretaceous shale of Kansas." " Tbe type Fpecie* of 
this group, Jcktkyornis dispar (Marsh), bad well-developBl 
teeth in both jaws. These teeth were quite numerous, and iW 
planted in distinct sockets. They were Fmall, compressed, mJ 
pointed, and all of those preserved are similar. Those in U* 
lower jaws number about twenty in each ramus, and are JI 
more or less inclined backward. The series exlwid over tb< 

• "On a. New SuIkIum of Foaail Bitda" (Odonloniilhtr). Bj rn6H> 
U. C. Mush,Ykle College. Ct., V.S.A. " SiUiniMi'* Jount],"nl.{Kr 
■ 4, Oct 1672, Kid loX. ■». ■?. 1 i, Iwd. " "" 
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e margin of the dentary bone, the front tooth being very 
r the extremity. The maxillary teeth appear to have been 
nlly niimerous, and essentially the same as those in the 
pdible. The skull was of moderate size, and the eyea were 
»d well forward. The lower jaws are long antl steuder, and 
■ Tftmi were not closely united at the symphysis. They are 
jnptly truncated just behind the articulation for the quad- 
B. This extremity, and especially its articulation, is very 
^lar to that in some recent aquatic birds. The jaws were 
larently not encased in a horny sheath. 
J* The scapular arch, and the bones of the wings and legs, all 
nform closely to the true ornithic type. The sternum has a 
prominent keel, and elongated grooves for the expanded cora- 
coids. The wings were large in proportion to the legs, and 
the humerus had an extended radial crest. The metacarpals 
are united, as in ordinary birds. The bones of the posterior 
extremities resemble those in swimming birds. The vertebrjB 
were all biconcave, the concavities at each end of the centra 
lieing distinct, and nearly alike. Wliether the tail was elon- 
gated cannot at present be determined, but the last vertebrje of 
the sacrum was unusually large. The bird was fully adult and 
about as large as a pigeon. With the exception of the skull, 
the bones do not appear to have been pneumatic, although most 
of them are hollow. The species was carnivorous and probably 
aquatic. The possession of teeih and biconcave vertebrae, 
although the rest of the skeleton is entirply avian in type, 
obviously implies that these remains cannot be placed in the 
present group of birds, and heuce a new sub-class, OiloiU- 
"niUhss, is proposed for them. The order may be called Ich- 
thyoritUlies." The other form discovered by Professor Marsh is 
named by him Apatornia celer. 

Much surprise has been expressed at the non-publication of 
these remains with figures, but when it is borne in mind that 
I'rofessor Marsh has been carrying on the exploration of these 
vast Cretaceous deposits in a wild and imcettled country uloiie, 
and that he has further attempted the almost impracticable task 
of working them out with his own hands, we are the less sur- 
prised to learn from him that he lias failed in securing an artist 
to delineate them satisfactorily. Professor Marsh is a veritable 
Crusader in Palceontology, and Yale College may well be 
proud of him; but we hope he will, for the sake of science, 
attempt less hazardous enterprises among the restless Indians of 
Kansas, and be satisfied to work out and publish the splendid 
mass of materials which he has already accumulated, and for 
which English palajontologists are craving. 

From birds with persistent embryonic characters, in head, 

^and, and vertebral column, to bipedal Reptilia, seems but a 

taatural step, and it is not surprising to find that the subject has 
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licen carefully considered by Professor Huxley, whose new 
have already appeared in the "Popular Science Keview" (w 
1868, vol. vii. p. 237, Plates XXVIL and XXVIII., which »- 
earnestly commend to the attention of readers of this article. 

The quefition— " What is a bird, and what is a rtptile?"!* 
one only of the many difficult problems which eoologifit? sn 
called upon to answer. Its solution is, however. hopelesH oidj 
to the mind prejudiced against all innovation, and which prefcn 
to erect harsh barriers, whereas Nature, who blends the coloun 
of ilie rainbow, knows no such abrupt limitti. 

If in this article we have been enabled to elmw not only 
that there have been feathered bipeds with teeth, but also that 
it is still possible to treat them at least as a sub-class of bin)*, 
our object will be achieved. 

P.S. — Just as this article was passing to press I loam from 
Prof. Marsh that be will figure Ickthyumia in ^ StUinuui^ 
American Journal " for October nest. He adds : " I bave 
examined HespermitiB, a large diving bird nearly six feet laf^ 
found in the same cretaceous formatiou in Kansna as tho leif 
tkyornis, and I find it also has teeth in bufh jaw», not in socket 
like Ichthyoniin, but in grooves as in IchtliyoeatiTna." (^cpt 
20, 1875.) 

EXPLAN.iTIOS OF l'L.\TE CXXV. 

r»i. la. Ilwid of Mtnjan»tr terratoi; drown &oiu a t|ieciaitii ia t 
British Mumuoi.* 

Fill. \l. Skull of same, »liowing dealicks on nmndibulnr 1inrilt>r.* 

Via. 3, Skull of OdoHti/jiteryx loHaiiiiia, Oweu, from tlio l,(U)d(in lii) 
Slieppey (two-thirda outunLl id«e>. 

FiQ. 30. Archavpteryx maenira, Owen ; n reslntntifltt, rnpleil from P 
lessor riweu'fl " Compamiivo AoMumy of Vcrltfbmiw^'* t 
ii. p, Wi. (In Itiu originnl woodcut llic lunndibJca are tep 
fcnted Hi Krraled.) 

Yt<i. Hk Itouiidud nud biUterall; lyitimetriciil body, found o«i ihfi il 
wiih thu Are/uropta-j/je, from tbe lithogrtphio stone, Soln 
hofen, and attributed to tho cast of brnin-cavit; hy Sir. Ji ' 
l^vaiia, t'.U.S,, Pre»idfat OMlofrical Societj, Lundoo. 

Flo. ."h7. Smidl JHW, with Ueth, also found iucocial*d on thv uiim i 
Willi, and nttribulcd to .irrhtrojtteipj; hy tbe late II. 
MBjer. 

Fiu. J. Head of t'oalio).' ^(ore halcliing, clothed willi It>D|r dnwB (■ 
linir ?), and with the horny knob at the eud ot llie brak, mit 
^hiuh it br«>ika tho shell ^vhcn arrived nt full time. 
{[csUve, poHiibly, of furlber petsintent etnbryonal rb«nwtMK 
Copied froui I'rofeisor Owen's " CompnialiTe Aimto 
ii. i>. 1114. 

• For permieaion to esninitie and draw tut. 1 a and 1 (, I am 
to the kindness ot 1)t. A..Quii>.^cv, IT.R.H., K«etciof theZoologlMl 
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OLD landmarks are fast being obliterated. In former times 
the mind even of the moift scientific was trammeled by the 
idea that nature could be mapped -out into districts, like squares 
upon a chess-board, each bordered by a well-marked line of 
circumvallation, and standing in a perfectly definite relation to 
the squares on either side. The objects of nature were supposed 
to be classified, not by man but by the Creator of all things, in 
accordance with a certain preconceived and often most fantastic 
ideal. It is only within a comparatively short time that our 
views on this head have undergone a radical change. Thrf 
general acceptance of the theory of evolution has given a final 
blow to the old idea. Claoification is now but a human e^/n* 
trivance for tabulating the links in the endlaes chain which 
connects together all lining tbingf* TLe li&/ei fm tb^ c\**-yf'' 
board have disappeared, and bavier given pla^^ t/^ ihn imp'rr^^p 
tible gradati(»is of the cohjm of tLe rainbow^ M'hlUt n^ /»fi 
still define red and reUow, mA ihAiuifnikh ^jfte U^;m tXun 4j^\i^r^ 
we must admit a wide delatad/kr hfM^^AMuA of ^jnoi^jfi. 

This change affeeU wA ondr ti^ uUimat^f \aA ^^iu tk^ fni^ 
mary distinctio&f bctv^wib ^rpaa^: baktgit^ Ev^« th^ 4hiti//f* 'A 
animate nature inv> Hj^ two kix4si'AS/t ^ Muiuisd MiA y^r^^.U ',€ 
no longer uncballei^«d^ 3kv v^Ainir uisUustiiiA ^4 fmnk ijst*^ ;* /' 
true, followed Ha^dbbl 'm ^MsfAix^ m^ tMs4 kiiii^.;m /M<t ^4 U^ 
simplest fonns rf ti^ */*ii^ twv^ ix i* nfl^ ^mA aM * *yA^ 
one of the dbnaeUrt »ij«su i*** IfMX^sfiy W* 0^m^ *m v^ 
distinguiili mm^lvk &v«i %^t^i^0U4^ hs^ umM *Mf^:s^i^/^ 
through the cnamiie <tf A^uCkiraM p^im^iu^i^, 1f7U yjn^^ *A ry/h^ 
taneous, or at l^amt ^ 4U4itMtu%if m^^M^Am* h^^w^.^ itao^x 
was forBAeriy euuba»E^i^ WLwi<fl^^j;ivii^»4$^^4M(i^Miiii^ /» iuv» 
known to lie yjmM^j ^ JHi mi ^u»^ i^^^^^i; i«j^ ^4^^^^^ ^^ ^i^ M#^^ 
lowly regv^ldf: V9|p»a»:ii%^4ftM Iv U; l^^^^AtM^^if >; i^ ski^^^h^^:^ 
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properly of livmg protoplasm, whether animal or vegetable. 
We were taught Id our childhood that while anim^ inhile 
oxygen and eshale carbonic acid, the respiration of planta ia of 
an esactly opposite character ; vegetable physiologiata now tdl 
us that the true process of respiration which all plants perform 
consists, like that of animals, in an exhalation of carbonic acid 
gas. It was formerly believed that starch was never prodoeod 
by animals, while it is always formed by plants at aome penod 
of their existence; we now know that fungi never prodtUff 
starch, while on the other hand it has been found in the timia 
of the Salpro. Even ttie last refuge of those who still main* 
tained the essential distinction of the two kingdoms — Hai tbt 
food of animals ia organic while that of plants is inorganio— 
must now be abandoned. 

This is, however, no recent discovery in particular cases. Tbt 
plants known as parasites, whether phanerogamic or fungi, the 
mistletoe and dodder, or the potato-blight and mildew, Iln 
entirely on the already assimilated food-materials found iu tb« 
tissues of the " hosts " on which they are parasitie. But in all 
these instances the nutritive material is absorbed by the pbat 
in a manner similar to that in which the majority of vegolahW 
derive their nourishment from the soil ; in the case of Sowerio^ 
plants through root-like organs or " haustoria," and iu the ow 
of fungi through a mycelium, which penetrates deeply into tha 
tissue of the host. The point ofgreatest interest to pbysiologiiW 
in the facts brought out in Dr. Hooker's inaugural addrewU 
Section D, at the meeting of the British Association at Belfiuit> 
in 1874, and more recently in Mr. Darwin's latest publicatioD,' 
is that certain planta have the power of absorbing the material 
required for their food — not only through the root, but alu 
through the tissue of the leaf by means of certain special organ*) 
aided by most elaborate and beautiful mechanical contrivance*. 
The first announcement of this fact was the more startling, in- 
asmuch as the moat reoeut experiments appear to have deman- 
strated that leaves are quite incapable, except under the raodt 
exceptional circumstances, of absorbing pure water, either in Uu 
liquid or gaseous condition. 

The number of genera in which this power hiu been donOB* 
atrated with more or less certiiinty is about thirteen, t«u of 
which are describad more or less minutely in Mr. Diuvin'i 
work. Of these genera three only are British ; two of tboM 
have species which are common and readily accessible, and U 
them we propose mainly to direct attention in the preicnl 
paper. 

Few lovers of plants have not gathered and admired t 

• " loMcUfotoiu Planls." Ily Charlo* D.irwin, iI.,V^ ^.11.8., ' 
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pretty little Droa&rOj or Sundew, a denizen of bogs, with its 
small red leaves clothed with glands which are apparently 
always wet with dew on the hottest summer day, and elegant 
scape of minute white flowers, opening only in the brightest 
sunshine. The commonest species D. rotundifolia^ with round 
leaves, is found in sphagnum and peat-bogs throughout the 
country, and is especially common in all our sub-alpine districts. 
Two other species are British, D, intermedia and anglica, both 
with linear-oblong leaves, the latter much the larger plant, but 
are much scarcer ; the former, however, grows as near London as 
close by the Eumham Beeches in Buckinghamshire, intermixed 
with Z). rotundifolia, and is abundant in the New Forest. On 
closer examination it is seen that the minute drops which hang 
on the glands are not dew, but consist of a viscid fluid stretched 
in threads from one to another ; and that nimibers of minute 
insects are captured in it and firmly held down by the enfolding 
of the glands over them. 

The leaf is indeed a veritable fly-trap. If a specimen is planted 
in a saucer in damp sand, and a minute insect placed on a leaf 
which was before quite free, the glands will be seen to bend 
over it, commencing with the ones nearest to those that actually 
touch it, until at length every gland on the leaf has become in- 
flected, and the insect is hopelessly imprisoned. Long before 
this it has, however, probably almost ceased to move ; and that 
the movement of the glands is not the result of mechanical irri- 
tation from the struggles of the insect — like that of the stamens 
of Berberis — is proved by the fact that the outermost marginal 
glands do not fold over until the struggles of the insect have 
ceased. Fig. 1, Plate CXXVL, shows a plant of Droaera ro^ 
tundifolia about the natural size ; fig. 2, one of the leaves 
magnified about twice ; fig. 3, a leaf with an insect just cap- 
tured ; fig. 4, one in which nearly all the glands are folded 
over, both multiplied about four times ; and fig. 6, one of the 
glands on a much larger scale. 

The mechanism of the movement of the ** tentacles," as 
Darwin terms these organs, has been closely investigated by him 
and others. Each tentacle consists of a stalk or pedicel, com- 
posed of several rows of elongated cells, with a roundish or 
ellipsoidal dark-red gland at its extremity. The gland is seen 
under a high magnifying power to be pitted or honeycombed ; 
and the pedicels, as well as the upper surface of the leaf where 
not occupied by the tentacles, is provided with a number of 
minute papillae, consisting of several cells. The morphological 
nature of the tentacles has been a subject of much discussion. 
Trecul, Warming, and other observers have clearly shown that, 
at least as regards some of them, especially those at or near the 
margin of the leaf, they are an integral -gott ot \Xi^\^S^^«3&% 
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as is provetl bj their being traversed throughout their length 
by a fibro-vascular bundle contaiDing spiral threads. Kg. 6 1* 
copied from a drawing of Warming's, repreaenting the internil 
structure of one of these organs. I am inclined to think, hof- 
ever, from an examination of a number of leaves in a very oAv 
etage of development, that tliis is not the history of all tlw 
tentacles ; but that a number of tliem are true " trichomes," oi 
epidermal elructurea. That organs which closely re&emble ow 
another outwardly and perform similar functions, should not all 
have the same morphological origin, is not without parallel in 
the vegetable kingdom. The terminal glands are seen, when the 
plant is in a healthy and vigorous condition, to exude a qnantitr 
of a viscid secretion which can bo drawn out into long thread*: 
and the quantity of this secretion is greatly increased by contwt 
with organic matter. 

If an object capable of exciting the motion is placed in tlw 
centre of a leaf, the whole of tlie tentacles of the leaf gndo- 
ally converge towards it, and finally completely envelope it. 
If, on the contrary, the object is placed on one of the matgisil 
glands, this tentacle only first of all bends over towards lbs 
centre of the leaf carrying the object with it; and then the 
same inflection occurs of the remaining leaves. The inflection 
takes place in the lowest portion of the pedicel only, tlie if 
maining part of the pedicel and the gland ilselt' remaining pCT- 
foctly straight. The exudation of the viscid secretion is how- 
ever from the gland only ; and Mr. Darwin records in hi» wofk 
some very remarkable facts connected with the change lhi> 
takes place in the protoplasm contained in the various celliof 
the pedicel. In a leaf when in the normal condition, the will 
of the pedicel are filled with a homogeneous purple fluid, Thii 
appearance undergoes a great change after the gland has bera 
excited })y repeated touches or by contact with an organic «b 
stance. The cells have then a mottled appearance wen In thl 
naked eye, owing to the coloiuing matter becoming _ 
gated into purple masses of various siiapes, which now float 
an almost colourless fluid. This aggregation of the pnip) 
matter commences in the cells immediately bcoeatb the gUttt 
whence it travels down to the base of the pedicel ; the UUU 
coloiu'ed masses constantly changing their form, separating in 
reuniting with a motion similar to that of an .\m(Elia or of til 
white corpuscles of the blood. 

The aggregation of the protoplasm and the inflection of tl 
tentacles are independeut of one another, and are buib lirt>ugl 
about by a variety of causes — concussion of the ghin(],tlii- prcMin 
of solid particles of any kind, absorption of solid substances, u 
by a certain degree of heat. Any solid particle alhiwcul to rert ( 
a gbnd or anuinViei of ^k&'o.^\l^VL produce inflection; bat 
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the particle is inorganic the e£fect is only slight, and the tentacles 
soon resume their normal position. With organic substances, 
and especially minute living animals, the case is very different; 
the embracing motion of the tentacle is compared by Darwin to 
that of the tentacles of a polyp when seizing its prey ; and they 
do not again unfold until the substance is partially or entirely 
absorbed. The behaviour of the leaves with fluids is still more 
remarkable. Distilled water produces no effect whatever. This 
might be expected ; but it is more noteworthy that the same is 
the case apparently with all organic but non-nitrogenous fluids. 
In sixty-one experiments recorded in Mr. Darwin's work, with 
gum-arabic, sugar, starch, dilute alcohol, olive oil, and a de- 
coction of tea, the tentacles were not inflected in a single case. 
The case is very different with all nitrogenous fluids. Milk, 
albumen, infusion of meat, mucus, saliva, and isinglass, produced 
inflection in every instance, after a longer or shorter time. In 
fact the leaves of Drosera furnish a test for nitrogen in solu- 
tions, rivalling in delicacy any of the performances of the 
spectroscope. Experiments, which were repeated over and over 
again to ensure accuracy, and with the utmost care to eliminate 

every possible source of error, show that the of a grain 

('00445 milligram) of carbonate of ammonia absorbed by a 
gland, is sufficient to induce inflection in the basal part of the 
same tentacle ; and, if immersed in a solution of this substance 

for a few hours, the same effect is produced by the of 

% grain ('00024 mg.). Immersion in nitrate of ammonia of 

such strength that each ffland can absorb only the ^,^, ^ ^ of 
^ ^ J 691,200 

1 grain ('0000937 mg.) excites movements in each tentacle. 
With phosphate of ammonia the result is still more extraordi- 
nary. A minute drop containing — ^^r-^ — of a grain ('000423 

153,600 

tng.), if held for a few seconds in contact with a gland, causes 
ihe tentacle bearing this gland to be inflected. If a leaf is im- 
cnersed for a few hours, and sometimes for a shorter time, in a 

jolution so weak that each gland can absorb only the 

>f a grain (-00000328 mg.), this is enough to excite the tentacle 
nto movement, so that it becomes closely inflected. 

The facts connected with the list of non-nitrogenous sub- 
stances which cause and which do not cause inflection of the 
^ntacles are very curious. Nine salts of soda with which Mr. 
Darwin experimented all caused inflection, while none of seven 
corresponding salts of potassa did so ; ihe ^U oi TCi^\AN& ^& ^ 
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rule caused inflection ; as did nineteen out of twenty-four 
organic and inorganic acids, the exceptions being gallic, tannic, 
tartaric, citric, and uric, none of wMch acted as poisons. The 
action of alkaloids and organic poisons was very 
. stryclinine, digitaline, and nicotine are poisonons, and produo 
inflection, as does hydrocyamc acid very i-apidly ; wliile morphia 
hyoscyamuB, atropine, veratrine, colchicine, curare, and dilut 
alcohol are not poisonous, and have no power, or only a vci 
slight one, of inducing inflection. The vapours of chlorofon 
and sulphuric and nitric ether, act in a singularly varinbl 
manner, sometimes producing extraordinarily rapid inSecUon 
but fiurther experiments on this point seem required. 

The mode of tranamisBion of the motor impulse from oi 
gland to another is a very curious and intricate branch of tl 
subject. From tlie facts already mentioned it would appea 
that the glands, together with the cells of the pedicel lying ii 
mediately beneath them, are the sole seat of the irritability d 
sensitiveness of the leaves ; and the impulse has to be tnuM 
mitted down nearly the whole length of the pedicel before in 
flection takes place. But this motor impulse is transmittal 
from the gland immediately eicited to others which are not ii 
contact with the exciting substance ; and in the tentacles thu 
indirectly excited the aggregation of the protoplasm alnj 
commences also in the cells immediately beneath the glsnij 
Mr. Darwin terms this process a reflex action, and compares i 
to the irritation of a sensory nerve, by which, when an impra 
sion is carried to a ganglion, eomo influence is sent back to i 
muscle or gland, causing movement or increased secrotioa. E*^ 
believes that tlie motor impubo is not transmitted, at least e 
clusively, through the spiral vessels or the tissue immedJAtd 
surroimding them, but through the cellular tissue, and mo 
rapidly in a longitudinal than in a transverse direction. I a 
inclined to think, from experiments of my own, that it isfio 
sible that, at least in some instances, the impulse may be t 
mitted, not through the tissue of the leaf at all, but thtoui 
the viscid secretion ; as in some instances I have found l«nt«i£ 
on one leaf to be inflected by contact with excited t«ntiu)i 
belonging to another leaf, where there is nothing to cauaeii 
flection in the flret. One of the moiit remarkable circutnstanei 
connected with these phenomena is the &ct that after Ic«t( 
have been detached from the plant, they do not in any defpt 
lose the power of inflection and aggregation of tbe protoplui 
inherent in the tentacles for many hours or oven days ; a utron 
indication that they possesa some power of imbibing nittrlm 
independent of the root. 

All that, we hnv« related so far would by no laeant proi 
true procosB of d\geat\cfft (m V\vft 'joA •A'^* 'S^cbdwii. It i 



CABNIYOBOUS PLANTS* 357 

be possible — and indeed this has been maintained by some — that 
these arrangements were merely a contrivance for facilitating 
the decay of the living insects or other entrapped organic sub- 
stances; and that the nutrient matter resisting f^om their 
decay, being carried to the ground, fed the plants through the 
ordinary medium of the rootlets. To Darwin must be assigned 
the merit of having for the first time clearly and immistakably 
demonstated a true process of digestion canied on by the foliar 
organs of plants ; although Dr. Hooker and others had earlier 
given good reason for a belief in its existence in the case of 
Nepenthes and other pitcher plants. The viscid secretion from 
the glands of Drosera is, in the normal condition, nearly or 
quite neutral to test-paper. But as soon as it is excited by 
contact with any inorganic or organic substance, it becomes 
distinctly acid, and more strongly so after the tentacles have 
remained for some time closely clasped over any object. A 
small quantity of the substance thus obtained was sent for 
analysis to Professor Frankland, who found no trace of 
hydrochloric, sulphuric, tartaric, oxalic, or formic acid ; but, as 
far as could be determined from the very minute quantity sub- 
mitted to analysis, distinct indications of an acid belonging to 
the acetic or fatty series, probably propionic, with a possible 
admixture of acetic and butyric. A still more interesting result 
of Mr. Darwin's experiments was the conclusion that in 
addition to the acid a substance analogous to pepsin, and acting 
as a ferment, is secreted by the glands, but only when excited 
by the presence of digestible, i.e, nitrogenous, matter. This 
singular result, affording so striking an analogy to the phe- 
nomena of digestion by the stomach of an animal, is in 
harmony with the observation of Dr. Hooker in the case of 
Nepenthes, that the fluid formed in the pitchers of that plant 
entirely loses its power of digestion when removed from the 
pitcher and placed in a glass vessel, although it is even then dis- 
tinctly acid. The following substances were foimd to be com- 
pletely dissolved in the secretion, viz., albumen, muscle, fibrin, 
areolar tissue, cartilage, the fibrous basis of bone, gelatin, 
chondrin, casein in the state in which it exists in milk, and 
gluten which has been subjected to the action of weak hydio- 
ehloric acid ; while epidermic productions, fibro-elastic tissue, 
mucin, pepsin, urea, chitine, cellulose, gun-cotton, chlorophyll, 
starch, fat, and oil, are not acted on either by the secretion of 
Droaeraj nor, as far as is known, by the gastric juice of animals. 
The power possessed by Drosera of obtaining nourishment 
through the leaves receives confirmation from a valuable series 
of experiments by Dr. Lawson Tait,* who announced, inde- 

• See <'Nataxe," for July 29, 1B76. 
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pendently of Mr. Darwin, the sepaxation of a subslance cli>»dj 
icsembliDg pepsin from the viscid flecretiou of Drcttm 
dichotoTiia. He placed side by side plants of the commmi 
Drosera rotundifolia, some in the normal state, others with tia 
roots pinched off close to the rosette, and with tlie leave* ail 
Imried, only the budding flower-stalk appearing above the smil; 
others with the roots and flower-stalk left on, but all the Wv« 
pinched of, tbe roots being buried in the sand ; and otlien 
again with the roots left on but appearing above the sand, wiueiif 
the leaves buried and others exposed. These plants were all carp- 
fully washed with distilled water, before being planted in nhtr 
Band which had deen deprived of all organic matter, carefuUr 
watched to prevent flies being caught ; and were then fed, woe 
with pure distilled water, others with a strong decoction of 
beef, and others with a very dilute solution of phosphate of 
ammonia. The eonchisions arrived at from the series of experi- 
ments were that the plant can not only absorb nutriment by ite 
leaves, but that it can actually live by their aid alone, and tint 
it thrives better when supplied with nitrogenous material a 
small quantity. The nitrogenous matter is mote roi^ 
absorbed by the leaves than by the roots, over-feeding killing 
the plant sooner through the leaves than through the rooti 
alone ; although the roots also certainly absorb nitrogeoM* 
matter. This absorption of nutrient material through ti* 
leaves is in harmony with the fact already mentioned, of tiw 
vitality of the leaves long after separation from the plant. 

We are not aequaint^I with any special or^an by which tie 
processes of absorption and digestion are effected ; indeed, alioort 
everything connected with their moduH openwu/t remain* ft" 
the present in obscurity. It seems likely that the fnpiUs 
which abound on the upper surfiicc of the leaf anil on the 
pedicels of the tentacles have somo share in them ; and posaMj 
also certain other bodies which are not dcscribt-d by Ml- 
Darwin, nor by any other observer as far us I am a»«t« 
These bodies, which I propose provisionally to call "gangli*! 
are representett in 6g, 7, and are found, on making a careful 
dissection of the leaf, immediately beneath the epidenni* ol 
the upper surface, and on the pedicels of the tentacles. ThtJ 
consist of from two t-o four cells, much smaller than tha onii 
nary cells of the mesophyll of the leaf, and have the appearaiKi 
of centres from which the cell-walls radiate. They are till« 
with a brownish-green granular, presuiuiibly protoph 
stance, i have not observed bodies of a similar diameter axcf 
in plants* whose foliar organs possess the power of digc«th>n. 

* Wilb tlie exception nf Callitriche, in which Iiodies uC a liniilu 
produce the Ho-csUe& "tuh^V»" &(^««mice of the learWy ud ^ 
•go deachbed. u g\ul&&^)3 (:b%^«,^ft'UI.'^.\<a^lW^u<n. 
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The genus PinguictUa belongs to a natural order widely sepa- 
rated from Droaera. The Buiterworts are all, like the sundews, 
natives of bogs, and are so called from the greasy texture of the 
thick leaves, caused by the viscid glands with which the upper 
side of the leaf is studded. The commonest species, P. vulgon 
risy fig. 8, is a very familiar plant by the side of streams and in 
other wet places in all the moimtainous districts of our islands ; 
but its deep blue flowers have passed away by the middle of 
summer. A second species or sub-species, P. grandifiora, with 
much larger blue flowers, is confined to the south-west of 
Ireland ; and P. cdpina, with nearly white flowers, to the most 
alpine parts of Scotland ; while the fourth British species, 
P. lusitanka, with small lilac-yellow flowers, is abundant in tlie 
south-west of England, and the west of Scotland and Ireland. 

The contrivance for captiuing insects is very diSerent in the 
case of Pinguicula to that which we have described in Droaeva, 
The whole of the upper surface of the leaf is studded with a 
number of glands composed of a stalk or pedicel, which consists 
of a single cell, and of a flat capitate head, formed of a number 
of small cells, usually eight or sixteen ; their mode of growtli 
is represented in fig. 9, magnified ; and a single one on a mucli 
larger scale in fig. 10. They are always secreting a large 
quantity of an extremely viscid fluid, neutral to test-paper ; but 
have no power of motion when excited ; the only movement in 
the leaf of the butterwort being a very slow incurving of the 
margin over any imprisoned object. The extreme viscidity of 
the secretion from the glands is the sole means by which the 
entrapped animals are detained. The incurving of the margin 
is caused either by the pressure of any solid particle, or by con- 
tact with a digestible substance, whether solid or in solution ; 
but after a comparatively short time the margin again unfolds. 

The general results of Mr. Darwin's observations on Pingui'' 
cula vulgaris amount to this : — Objects not containing soluble 
matter have little or no power of exciting the glands to in- 
creased secretion; while dense nitrogenous fluids cause tlie 
glands to pour forth a large supply of viscid fluid, which is still 
not acid. On the other hand the secretion from glands cxcitc^l 
by contact with nitrogenous solids or liquids is not only very 
copious, but is invariably acid. The secretion in this state has 
the power of rapidly dissolving and digesting the tender part of 
the bodies of insects, meat, cartilage, albumen, fibrin, gelatine, 
and caseine. The secretion which has aljsorbed nitrogenous 
matter is quickly re-absorbed by the glands, which change their 
colour from green to brownish, and contain masses of aggregated 
granular, presumably protoplasmic matter, while no such eSect 
is produced by the action of non-nitrogenous fluids. 

The phenomena exhibited by the butterwoi\, Wivi \i<:iV.^\v<^Na- 
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ever, received nearly so much attention as in the case of thn 
Biindew ; alLhuugh tlie larger size and more transparent nature 
of the glands, and the firmer and thicker tissue nf the IcavM 
rendering it easier to obtain thin transparent section^ make it 
in some respects more favourahJe for observation. A sertiiii 
which exposes the epidermis of the upper surface of the leaf, 
reveals bodies of a similar nature, and possibly with a similw 
ftiEotion to those which I have described as "ganglia'' in lli" 
case of Drosera. Two of these bodies are represented in fig- 
11. They are circular, and are divided by septa radiating from 
the centre uswally into four, less often into six or eight cvUs, 
filled with protoplasm, and containing a few groins of cWwa- 
pliyll. They closely resemble the heads of the glands, aiid,likc 
the corresponding bodies in Drosera, may possibly be glandi 
arrested in their development, Pinffuiciila bisitanica, wbich 
is more easily obtained in the south of England, exhibits the 
same phenomena as P. vulgaris, but rather more strongly. 

Having now described eomewhat in detail the phenomctia 
presented by our most familiar Britisli species of camivaiou* 
plants, we will refer more briefly to those which are less knoni 
or are natives of other countries. The species which can at pre- 
sent certainly be ranked under this cat^ory, are comprised in 
four natural orders — widely separated from one another in othff 
points of structure, viz., Droseracea;, LentibulariaceEe, Nepen- 
thacese, and Sarraceniaeeie. 

Among Droseracefp, the genus Drosera includes, besidei tie 
British species already described, a considerable nuralwr dis- 
tributed over the greater part of the surface of the glotie. AH 
of these wliich have been examined in the fresh state di«pl»j 
peculiarities similar to those of onr country, some of thcnn^ 
pareutly with a greater intensity. A North American epede*. 
D. fdi/ormis, is described by a careftd observer, Mrs. Treat,* 
as growing in such abundance in parts of New Jersey as nlnicit 
to cover the ground, and the detaioiug power of the IcB\t* a* 
]>eing sufficient to entrap even moths and butterflies. An Aai- 
tralian species, D. dichotoma, has lea\es, including the foot- 
stalk, 27 in. in length. 

Another plant of very great interest belonging to this onfct 
is the well-known Venus's fly-trap, Dionaa vmscipuUt, not 
unfrequently seen in cultivation in this country, tliough growing 
wild in a very limited area on boggy ground in the eastnm [*rt 
of the state of Nort,h Carolina. TJie arrangemvntii for captniing 
inscets are here altogether difl^erent from those fmind in the 
allied genus. The secreting glands are extremely nituut«, aad 
'e the viscid fluid only after being excited by tbo preKtic< 
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of a digestible substance, and have no power of motion. The 
faculty of detention lies in the elasticity of the tissue of the 
leaf itself. On the upper surface arc six strong hairs or bristles 
which display extraordinary sensitiveness, conveying to the rest 
of the leaf an irritation when touched, which causes the leaf 
suddenly to fold up, the sharp serrations or spikes with which 
the margin is covered closing upon one another, and interlocking 
like the teeth of a rat-trap. The glands, which are in this in- 
stance true epidermal structures, secrete an almost colourless, 
slightly mucilaginous, strongly acid fluid, but only wlien excited 
by the presence of nitrogenous matter, which they have the 
power of absorbing. This secretion, the formation of which is 
seen, from what has been said, to be altogether independent of 
the meclianical irritation of the leaves, appears, from Mr. Dar- 
win's experiments, to have a distinct power of digestion. The 
most remarkable fact connected with Dioncea is in the differ- 
ence in the behaviour of the leaves after closing, according to 
whether a digestible substance, an indigestible substance, or 
nothing at all, has been captured. In the two latter cases the 
leaves reopen in less than twenty-four hours, and are then again 
at once sensitive to renewed impact. In the first case, on the 
contrary, they remain closely shut up for mauy days, and after 
re-expanding are torpid, and never act again, or only after a 
very considerable interval of time. Moreover, when the leaf is 
made to close over an insect or other body containing soluble 
nitrogenous matter, the two lobes, instead of remaining concave, 
as they otherwise do, enclosing a small cavity, slowly press close 
together throughout the whole of the blade with very consider- 
able force, and offer very great resistance to any attempt to 
force them apart. Mr. Darwin draws some very interesting 
conclusions from these facts ; showing how this arrangement 
allows small insects to escape before they are crushed and thus 
yield up their nutrient juices, while larger insects are hope- 
lessly entrapped; the digestive process being therefore only 
brought into play when a considerable quantity of nutriment 
is at the command of the leaf. Dr. Burden Sanderson has made 
the additional extremely curious observation * on the Venus's 
fly-trap, that a normal electrical current traverses the blade and 
the foot-stalk of the leaf, while the current is reversed when the 
leaves are irritated or the foot-stalk cut. The phenomena there- 
fore present a most remarkable analogy to those which occur in 
the muscles of animals when contracted ; although there does 
not appear to be anything whatever in the Dioncea which can 
in any way be compared to the nervous tissue of animals. 

• " Proceedings Royal Society," vol. xxL p. 406 ; and " Nature," 1874, 
pp. 106 and 127. 
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Itcaitlta Drosara and iJioncca, there are four ofJier _ 
eluded in the order Droseracefe, viz., ylWrot'omfo, 
phyllum, Byblis, and Roridula, all of which capturi 
aod in all of them the phenomena of absorption and digcalioD 
have either been observed or may be fairly inferred. The fintof 
these genera includes only a single species, A. veeieulota, w- 
curring in three somewhat distinct forms in Europe, India, Mil 
Australia. It is a small wat«r-plant, with two-lobwt leav* 
having the peculiarity of suddenly closing on irritation »imilBr 
to that of Dionaa, and furnished with long jointed h*in, 
wliich are apparently sensitive. Of the remaining three gi^i'tsi 
one is European, another South African, and the third Aie- 
tralian. The first only has yet been examined in the growing 
slate, and bears a strong resemblance to Dwaera, except tlmt 
the tentacles have no power of movement. 

To the order Ijentibnlariaccte belong the four geoeB, 
PinguicKlat Utriculm-ia, Polypompkolyx, and Genlwea, all at- 
nivorouB, The genus Utncularla, or Bladderwort, is a t«j 
interesting one, and includes three or four British species, planu 
found in ditches, oft«n of fetid water, with elegant yellow flowi"!* 
on slender stalks, and floating deeply-divided leiives fHnlielii-d 
with little bladders, from whence the plant derives ite Jifwa- 
These bladders have been recognised by several oliservors, Mr- 
it. Holland in this country and Sirs. Treat in the Unite*! States 
as fly-traps, and their structure has been closely investigalsi 
by Mr. Darwin in the case of the commonest British sp«i«, 
U. vulgaris, and its variety or sub-species U. ne{/lecta. The 
bladders are about one-tenth of an inch in diameter, are ptf 
vided with a number of long bristles or " antenniE," and art 
closed by a valve wliich is attached on all sides to the bladdef) 
except by its posterior margin, which is free, and forms one aide 
of the slit-like oritice which leads into the bladder. The valvr 
is covered on the inner surface with a number of glands wliich 
secrete, but apparently have no power of absorption. The maf- 
gin of the valve rests on the edge of a rim or collur, wUdi 
allows the valve to open inwards only. By this contrivance a 
large nmnber of aquatic animals are entrapped — insects, En- 
tomostraca, and even worms, as well as innumerable AIgs and 
Infusoria; and obviously, when once captiiroil, cajinot again 
escape. Mr. Darwin's observations serve to show beyond doubt 
tliat the bladders have the power of absorbing nitrogenous sab- 
stances, which they doubtless derive from the decay of the im- 
prisoned animalcules ; but ho does not consider that Uiey liavc 
any power of digesting animal matter analogous to thai po*- 
seiiiied by the plants already descriK-d. This alR><)qitiou he 
believes to lie effected by e<*rtain peculiar bodies du^fcribed I7 
iiim as " bifida " aod. ^^ (^vwi&n&&&" T\ww£ l»die« Uti« tbe wliok 
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of the inner surface of the bladders, and consist of four, less 
often of two, divergent arms or cells. The mode in which they 
act is not clear ; but it is demonstrated that they possess the 
&culty of absorbing nitrogenous matter, salts of ammonia, or 
infusion of meat. Bodies of a somewhat similar character were 
observed by Mr. Darwin in the case of Aldrovancld, where he 
at one time conjectured that they performed the function of 
absorbing the indigestible portion of the food. I can scarcely 
doubt that they are homologous with the bodies described by 
me as " ganglia " in Drosera, and especially in Pingiticuloj the 
function of which is at present unknown. May they not be 
rudimentary " quadrifids " ? 

A very remarkable species of bladderwort, U. montana>^ a 
native of tropical South America, is not aquatic, but is said to 
be epiphytic. The bladders, which are extremely minute, are 
borne on the underground thread-like rhizomes, and are produced 
in extraordinary numbers. They are closed by a valve on which 
are a number of minute glands, and bear internally rows of short, 
thick, quadrifid processes ; and apparently capture and detain 
a number of minute insects, on which the plant feeds. This is 
the only species of Utricidaria which is not aquatic or a 
native of marshes. U. nelumbifolm has the very singular habit 
of growing in the water which collects in the bottom of the 
leaves of a large TiUandsia^ inhabiting an arid rocky part of 
the Organ Mountains, Brazil, at an elevation of 5,000 ft. above 
the sea. It propagates itself by runners, which direct themselves 
towards the nearest plant of TiUarulsia. 

Polypompholyx is a native of Western Australia, and Genlieea 
of Brazil. In this last genus some of the leaves are elongated 
into a very narrow cylinder, half an inch to an inch in length, 
in the middle of which is a minute swelling or tubercle, in 
which organic matter is found. The neck of the cylinder is 
furnished with rows of bristles attached to ridges and pointing 
downwards, which would eflFectually prevent the escape of any 
insect that may descend the neck into the utricle, and vnih a 
niunber of quadrifid cells or processes, very closely resembling 
those already described in Pinguicula, the function of which 
can only be conjectured. 

The order Nepenthacese comprises the single genus Nepenthes^ 
which includes a considerable number of species, mostly natives 
of the East Indies and Australasia, and well known in hot-houses 
in this coimtry as " Pitcher-plants." The pitcher consists partly 
of the leaf-stalk and partly of the blade of the leaf, and con- 
tains in its lower portion, to the depth of an inch or more, a 
fluid which was formerly believed to be nearly pure and potable 
water ; but analysis shows it to contain in solution a consider- 
able proportion of mineral salts. Buried in. tli\& &^^ \s^ii^i« 
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queiilly found a great mass of dead flies and other insects, wWcli 
have been apparently lured into the pitcher by the sccretal 
fluid ; and, their escape being prevented by a rim fumiehed 
with bristles pointing downwards below its moutb, liave there 
miserably perished. It was determined by Dr. Hooker that Iha 
fluid is distinctly acid, and that it possesses the power, tot 
merely of hastening the decay, but of actually digesting tie 
bodies of the insects di-owned in it. He also made the addi- 
tional remarkable observation that when removed from tbe 
pitcher and placed in a glass vessel, although still acid, it has 
entirely lost its power of digestion. This singular fact ia in- 
terpreted by Mr. Darwin — and with great probabiUly — to 
indicate that the actual agent in the digestion is a ferment of 
a nature similar to pepsin, which is secreted only durmg Uie 
absorption of some digestible nitrogenous substance. In tlw 
walls of the pitchers of Nepenthes are minute bodies resemblii^ 
and possibly homologous to the " qnadrifids," or rudimentaij 
papillEe of Genlisea or Pinguicida. 

To the last order, Sarraceniacese, belong the tliree genera lSlt^ 
racenia, Darlingtonia, and Ediamphora, natives of America, 
also cultivated in this country under the name of *' Side-«iddle 
plants." The pitchers in this instance consist of the convoluted 
stalk of the leaf only, the blade forming the lid. They have not 
at present been subjected to the same careful examination as 
Nepenthes ; but, from the observations of Dr. Hooker, Dr. Canby, 
and others, there is little doubt that they will be found to pri^- 
Bent very similar phenomena. 

From the fact that the plants we have now passed under 
review belong to families very widely separated from one another 
on any system of classification, it is highly probable that phe- 
nomena of a similar character still remain to be discovered in 
other groups of the vegetable kingdom. Although, as we said 
at the outset, the assimilation of animal food by plauts is no 
newly discovered fact, it must still be admitted that the series 
of observations here recorded — and especially the apparent pro- 
duction by vegetables of a digestive ferment performing all the 
functions of pepsin in the animal economy — form one of the 
most important and interesting additions to oiu- knowledge of- 
vegetable physiology that have been made for many yi 



EXPLANATION OF PLATE CXXVI. 

Fio. li Drofcra rotimili/olia ; natural «iEe. 

Fib. 2. A leaf, x 2.; 

Fig, 3, A leiif, with imprisoaed insect; the tentacles partially inflected,^ 



B. 4. A lea^ ^th mmAj all fte twitriw dfadr Taflwetea, x 1. 

G. 5. A twrtafift, gTBitlj iwgmfifd. 

;o. 6. Intemal stmctizre of Imti'V, ifiuyinii^ ipoml TOBcilft. 

o. 7. SectioQ expoang under raz&oe of ^ipi^erndM of 199 lUb of 

leaf; CyStomote; t, ^ gmgga,* or aneatod pijnnr , 
:g. 8. Pmgmada vrn^tru; jmlbaal ksb. 

:o. 9. Portion of iqpper sm&ee of leo^ wil^ two ^sudi, xanfnifiod. 
[6. 10. Glmdy gieatlj mogiiHiad. 
[O. IL Section ezposuui^ imder mn&te of ffndfrmk of vpper lUb of 

leaf; a, stomata; h, ** gaTigiia,'" or azrested pi^nlbe. 
[0. 6 after Warming, tiie tgA horn natare. 
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OUR SUBMABINE DEFEXCES. 



Br CvPitra C. OEUE BROWNE, R.A. [Kbxirb»1^ 
[PLATE CXXVU-l 



I\ the spring of 1873 our equipmentfl of torpedo warfiuefW 
fully reviewed,* including both the fixed explosive enginft 
known as submarine mines, and those of a locomotivi; cbaiMtiir 
to which the word " torpedo " has been more peculiarly ap[ili^ 
During the two years that have since elapsed, some pwgtKi 
haa been made in the development of the latter class of de* 
Ktructive eogines. Whitehead's fish torpedoes have bwn maott- 
factured in considerable numbers, and tlieir powers have befli 
increased, especially in the most important matter, that n 
Hpeed in their " running." In short, both Whitche»id'» nni 
Harvey's torpedoes have received much attention, and thtj 
have been brought to greater perfection. Neverthclesa, m 
change haa taken place in either of them of such a character » 
to call for special notice. This is not the case with the 6iA 
class of engine mentioned, namely, submarine minc«. Wltli 
these a remarkable series of experiments has been carried null 
known as the Oheron experiments, the result of which ha*l»!ii 
to prove that our whole system of submarine aiine« mnrt '* 
changed. In fact, at this moment we may look upon oiirsel*'** 
as in a state of transition from one system to another, allhougP 
the substance of the Committee report is not yet made kno**- 
The Oberoii experiments were instituted to ascertcuAi * 
exactly as possible, the effect of a submarine mine exploding \, 
various distances from a vessel of the modem type. For *^ 
purpose the Oberon was fitt«d with a bottom and sides 
bling those of H.AI.S. Hercules, and was " tested to 
tion," OS the phrase is; that is to say, she was exposed to 
action of tlie clasx of mine proposed to be adopted genenQy 
our lines of defence, at first at a considerable distance, Init g 
duiiUy liroti^lit nearer to the vessel uutil sha »houid be on 
-ly disabled from further action. The cxpi'riminit* m 
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complete and well carried out, and it is hardly necessary 
id, were very costly, 

be system of mines which it was then proposed to employ 
efence of harbours generally consisted of lines of ground 
ges of compressed gun-cotton, of 500 lbs. each, the depth 
ater for winch such charges were best suited being about 
t fathoms, and this depth is a very common one. The 
ges were to be in galvanic connection with the look-out 
ons or firing-points, so as to enable them to be fired at the 
of an operator ; self-acting gear, to explode them on contact 
I an enemy's ship, being also provided. The object of the 
iriments was to ascertain the distance at which a vessel 
Id be destroyed by the explosion of a mine, and also the 
jssary interval between the mines, to secure each one from 
effects of explosion of those contiguous to it. It is obvious 
. a certain relationship must exist between these distances 
ectively, for while it is imperative that the channel should 
completely closed against the entrance of an enemy, it is 
t desirable that the first explosion should not extend beyond 
mine acting on the vessel, because it woidd open a wide gap 
he line of defence. With a single line of mines it would be 
jssary that the interval which would be suflScient to prevent 
ry from an adjacent explosion should not, under any cir- 
istances, be more than double the distance at which the 
ruction of a vessel might be considered certain. As, how- 
•, channels are defended by several lines of mines, those 
ling one line covering the intervals in the line next in 
t, the conditions become modified to a certain extent. 
)gether it was scarcely questioned that an efficient system of 
jnce, with large ground charges of 500 lbs. of cotton, might 
organised ; and if so, this was for many reasons to be pre- 
ed to the alternative system, consisting of numerous small 
rges floated close to the surface of the water, on which we 
.1 have to say more hereafter. 

►n August 6 the first experiment took place, at Stokes 
, under the direction of the Special Committee, of which 
W. Jervois is president. We give the details of this trial, 
btained from official sources, and published at the time in 

" Engineer," the editor of which periodical has kindly 
red the information and cuts herewith at our disposal, 
'he Oberon was in the following condition : — The inlet and 
let valves of her condensers were left open. The Kingston 
re of her feed-pipe was closed. The water-line was 2 inches 
hier than the top of her condenser. The original weight of 

hull, before fitting her with special bottom, had been 

tons ; as now fitted, it was 920 tons. Her cables and caxi- 
sers weighed about 80 tons. Hex atarboaiA. %\dL^\i^dL ioj^^- 
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four crusher gauges, each crusher piston f squsi^Qfl^^ISi 
behind it was a lead pellet hardened with antimony. On 
each aide of the vessel were suspended six 1 8-poiinder shot, nL 
fitted with crusher gauges. The object of ttiese preparatiui 
was to put the vessel into the condition representing timt i 
which an enemy's ship might receive the attack. It had b« 
urged that a ei«cially vulnerable point was to be found in it 
condensers and their fittings. Hence the attention giren I 
them. With respect to the weight of the vessel, it will I 
readily seen that in the kind of attack that was to be made tl 
inertia of the vessel afifected the question directly. If a smal 
charge, and such as might be driven against the aide uf s veeBe 
by a locomotive torpedo, were exploded in contact with tlu 
Ehip's side, the effect would be localised, and the weight of tbt 
vessel under these conditions would not enter into the qaestioa 
for the blow delivered is of such a character that the T^se 
cannot escape injury in any degree by being lifted or moTcd 
The whole effect, whatever it be, must be expended on tJw 
part of the ship presented to it. It is otherwise with a laip 
ground mine. The charge being exploded perhaps 50 feot from 
the ship's side, in place of a small force acting on a siir&ce of 
few superficial inches, the ship receives the effect of a mod,— 
greater blow, but already distributed not exactly over tbe otT' 
face of a sphere of 50 feet radius, but in a somewhat sjmilu 
manner. Water being incompressible, delivers the blow of the 
explosion well ; being, in fact, compelled to move to make room 
for the gas suddenly generated. With an iucompresaiblo medium 
round it laterally and earth beneath, it is evident that the only 
direction in which movement is possible is upward; and the 
water being liiled more directly and easily, just in proportion 
as it is situated more nearly above the chai^, the chief dis- 
placement is directly upwards, a mass of water being driven Into 
the air, as shown in Plate CXXVII., which is a sketch nudo 
from the actual Jet of water thrown up on the occaaioo of the 
first Oberon experiment, but which equally well reptescDt* that 
of almost any submarine explosion. 

From this it follows that the blow falling on a ebip Mtonsta 
in a Buddon forcing of the water against a large part of the n«te 
or bottom, and it is evident that the damage done to her may 
he less in the case of a light ship that moves readily tJian > 
heavy one. A ship heavily weighted with armour, tiji-u, viu'A 
expose her bottom to a more severe shock than .n 
of vessel. The Oberon, consequently, did uot ]i. 
sent an armour-dad vessel, although her bottom < ... 

that of the Hercules, but she probably was suftii 
answer the purpose in view. The object of 
vaa to leguler Uxe ^leawx^ o( tha i| 
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riew to the probable action on the " circuit-closers" of mined 
' in tbe vicinity. 

A cbarge of 500 lbs. of gim-cotton saturated with fresh water 
was placed in tbe service- pattern iron case, on the ground, at 
100 feet from the vessel's side, where the depth of the sea was 
about eight fathoms (vide No. 1 in fig. 2). It waa not 
expected that this first experiment would severely try the 
Oberon ; the intention of the programme was to begin at the 
greutest distance where an effect might be reasonably expected, 
and work gradually nearer and nearer. The progress of the 
successive experiments may be seen in fig. 2, where tbe situa- 
tion of each charge, with the date of the trial, is noted beneath 
it. Tbe gun-cotton was used wet. This did not concern the 
iibject of this experiment, but incidentally it may be noticed 
that the efiect of gun-cotton exploded wet is about the same as 
that of dry cotton. It was mentioned in the article on 
torpedoes referred to (Popclar Science Review, April 18V3), 
t.hat gun-cotton could be exploded in a wet state, by means of a 
powerfiil detonator. The explanation appears to be that the 
vibration or wave of explosion generated by detonation differs 
so far from that of explosion by beat, that water is unable to 
absorb or take it up. Thus while heat has te overcome water 
by turning it into steam and expelling it at the loss of all the 
heat, specific and latent, required for such a process, the wave 
or explosion of detonation passes through it, unimpeded, just as 
completely as light passes through a gla^s window. 

We have given the details of tbe experiment of Aug. 6 at 
Bome length because they apply, with but little variation, to 
the entire series. The following summary may be given of the 
whole, which, with fig. 2, will fiimish a full idea of the history 
of the attack. The charge employed in each case was 500 lbs. 
of gun-cotton, equal, as we have said, to 2,000 lbs. of powder. 

Trial \o. 1, Aug. 6. — Tbe mine was exploded at 100 feet, 
horizontally, from the starboard side of the vessel. It was at 
first thought that a considerable effect had been produced. 
The vessel leaked about the condensers, but it was found that- 
the fault was only in imperfect fixing of the tubes. 

No. 2, Aug. 21. — The charge was exploded at 80 feet, hori- 
zontally ; produced insignificant effect. 

No. 3, Sept. 5. — At CO feet, horizontally, tbe effect was again 
ID considerable. 

No. 4, Sept. 26. — At 48 feet from the starboard side con- 
siderable effect was produced ; the condenser was broken, and 
other severe injuries were caused, so that it is very doubtful if 
the vessel could have continued her course. 

No. 5, Nov. \'i. — To make use of the port side of the vessel 
the charge was brought over and floated at position shown in 

TOL. XIV. — RO. LVII. 
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V become familiar objects to a 



11HE kangaroos bave now become 1; 
vifiit our Zoological Gardens, or who are &miliar v 
considerable zoological museum. 

Their general external form, when Been in the attitude they 
habitually assume when grazing (with their front limbs touch- 
ing the ground), may have recalled (o mind, more or less, the 
appearance presented by some hornless deer. Their chief mode 
of locomotion (that jumping action necessitated by the great 
length of the bind limlis) must be familiar to all who have 
observed them living, and also, very (Irobably, the lingular 
mode in which the young are carried in a pouch of skin in the 
front of the belly of the mother. 

Kiit " What is a kangaroo ? " The question will raise in the 
minds of those who are not natiu-alists the ijnage of some femi- 
liar circumstances like those just referred to. But sach image 
will afford no real answer to the question. To arrive at suck an 
answer it is necessary to estimate correctly in what relation the 
kangaroo stands to other animals — its place in the scale of 
animated beings — as also its relations to space and time ; that 
is, its distribution over the earth's surface to-day, in connexion 
with that of other animals more or less like it, and its relation 
to the past life of this planet, in connection with similar rela- 
tions of animals also more or less like it. In other words, to 
understand what a kangaroo is, we must understand its zoolo- 
gical, geographical, and geological conditions. And my task in 
this paper is to make these conditions as clear as I can, and sft 
to enable the reader to really answer the question, " What is 
a kangaroo ? " 

But liefore proceeding to these matters, let us look at our 
kangaroo a little closer, and learn something of its structure, 
habits, and history, so as to have some clear conceptions of the 

ngaroo considered by itself, before considering its relations 
1 the universe (animate and inanimate) about it. 
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The kangaroo (PI. CXXVIII. fig. 1) ia a quadruped, witb 
very long; bind limbs and a long aud ratber thick tail. Its head 
posfles^s rather a long muzzle, somewhat like that of a deer, 
witb a pair of rather long ears. Each fore-paw has fi^'e toes, 
furnished with claws. Each hind limb has but two large an<l 

Fio. 1. 




8k«leUia of Kangaroo ^^fa^!ropu>). 
a, Alanapial bones. 

conspicuous toes, the inner one of which is much the larger, 
and bears a very long and strong claw (PI. CXXVIII. fig, 2). 
On the inner side of this is what appears to be a very minute 
toe, furnished with two small claws. An examination of the 
bones of the foot shows us, however, that it really consists of 
two very slender toes united together in a common fold of sk>u. 
Then tOM annrer to Um Beoond aud third. t.oe% (li oux >a^'^ W>\.^ 
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representative 
part of it wbicb is enclosed in the Bubstance of oi 
the timer metatarsal bojie. Two other points are specially 
noteworthy in the ekeleton. The first of these is that thepiflT^ 
(or bony girdle to which the hind limbs are articulated, ami 
by whicli they are connected with the back-hone) has two eloii- 
fjuted liones extending upwards from its eiiperior margin lu 
front (f^. 1 a). Tliese are called marsupial bones, and lie with- 
in the flesh of the front of the animal's belly. The other point 
is that the lower, hinder portion of each side of the lower jaw 
(which portion is technically called the « anffle"'), is Iwnt in- 
wards, or " inflected," and not continued directly backwards in 
thu 9ame plane as the rest of the lower jaw. 

A certain muitcle, called the cremaster muscle, is att&cheil to 
each marsupial bone, and thence stretches itself over the inner 
or deep surface of the adjacent mammary gland or " breast,' 
which is situated low down, and not in the breast at all. 

The kangaroo's teeth consist of three on each side in tb* 
front of the mouth, and one on each side below. These eight 
teeth are what are called incisors. At the back of the month 
there are live grinding 
^"'' ^- teeth on each side nlHn« 

and hve below, and be- 
tween the upper grindcn 
andincisoraauottierpoiut- 
ed tooth, called a canine, 
may or may not bu iotd^ 
posed. Such a set of 
teeth is indicutt^ by the 
following formula, where I stands for incisors, C for canineB, 
and M for tri'iiiding-teetb or " molars." The numlicr iibovr 
each line indicates the teeth of each denomination which ciirt 
on one side of the upper jaw, and the lower numbiT those "f the 
lower jaw : — 

The total number of incisor t<eth of both sides of each jaw 
may therefore be espreesed thus : I J. 

Such is the general structure of an adult kangaroo. At birth 
it is strangely dift'ereut from what it idtimalcly becomes. 

It is customary to speak of the human infant as eiception- 
ally helpless at birth and after it, but it is at once capable (^ 
vigorous sucking, and very early learns to eoek the nipplv. 
The great kangaroo, standing some six feet liigh, is at birth 
scarcely more than an inch long, with delicate nuked skin, and 
looking like part of an earthworm. Bom in swch fceblu and 
:t|)crfectly developed condition, the young kangatwi cattnot 
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actively suck. The mother therefore places it upon one of its 
long and slender nipples (the end of which is somewhat swollen), 
this nipple entering its mouth, and the little creature remaining 
attached to it. The mother then, by means of the cremaster 
muscle (before spoken of), squeezes its own milk gland, and 
so injects milk into the young, which would thus be infeUibly 
choked but for a noticeable peculiarity of its structure, admi- 
rably adapted to the circumstances of the case. 

Fio. 3. 





1 

1. DiHsected Head of young Kangaroo, 
a, Elongated larynx. 6, Cavity of mouth. 

2. Kipple of Mother. 

In almost all beasts, and in man also, the air-passage or 
windpipe (which admits air to and from the lungs) opens into 
the floor of the mouth, behind the tongue and in front of the 
opening of the gullet. Each particle of food, then, as it passes 
to the gullet, passes over the entrance to the windpipe, but is 
prevented from falling into it (and so causing death by choking) 
by the action of a small cartilaginous shield (the epiglottis). 
This shield, which ordinarily stands up in front of the opening 
into the windpipe, bends back and comes over that opening 
just when food is passing, and so, at the right moment, almost 
always prevents food from " going the wrong way." But in 
the young kangaroo, the milk being introduced, not by any^ 
voluntary act of the young kangaroo itself, but by the in- 
jecting action of its mother, it is evident that, did such a 
state of things obtain in it as has been just described, the 
result would be speedily fatal. Did no special provision exist, 
the yoimg one must infallibly be choked by the intrusion of 
milk into the windpipe. But there is a special provision for 
the yoimg kangaroo ; the upper part of the windpipe (or 
larynx), instead of lying as in us, and as in most beasts, widely 
separated from the hinder opening of the nostrils, is much 
raised. It is in fact so elongated in the young kangaroo that it 
rises right up into the hinder end of the nasal passage, which 
embraces it. In this way there is free entrance for air from 
the nostrils into the windpipe by a passage shut oflf from the 
cavity of the mouth. All the time the milk can freely pass to 
the back of the mouth and gp^* ^^ oi ^)c^ <^<^\^- 
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gated laryus, and tlius breathing and milk injection can go 
simulUtneouBly, without risk or inconvenience. 

The kangaroo browses on the herbage and busbPB of more or 
lesB open country, and when feeding, commonly applies il* 
front limbs to the ground. It readily, however, raisea it««lf on 
its hind liokVis and strong tail (as on a tripod) when any aouDd. 
sight, or smell alarms its natural timidity {PI. C.VXVIIL 
tig. 1 ). 

Mr. Gould tells us that the natives (where it is found) same- 
times hunt these animals b; forming a great circle around 
them, gradually convei^ing upon them, and so frightening 
them by yells that they become an easy prey to their c-lubs. 

As to its civilized hunters, the same author U<]Is us that 
kangaroos are hunted by dogs which run entirely by sight, and 
partake of the nature of the greyhound and deerhfmnd, and, 
from their great strength and fleetness, are bo well adapttNl for 
the duties to which they are trained, that the esL-ape of the 
kangaroo, when it occurs, is oniog to peculiar and favourable 
circumstances ; as, for example, the oppressive beat of the daj* 
or the nature of the ground ; the former incapacitating the 
dogs for a severe chase, and the hard ridges, which the ksib- 
garoo invariably endeavours to gain, giving him great advan- 
tage over his pursuers. On such ground the females in 
particular will freijuently outstrip the fleetest greyhound; while, 
on the contrary, hea\-y old males, on soft ground, are aasilr 
taken. Alany of these fine kangaroo-dogs are kept at the stock 
stations of the interior, for the sole piu'pose of running the 
kangaroo and the emu, the latter being killed solely for the 
supply of oil which it yields, and the former for mere sport or 
for food for the dogs. Although I have killed the larf^t 
males with a single dog, it is not generally advisable to attempt 
this, as they possess great power, and freijuentlv rijj up the 
dogs, and sometimes even cut tbem to the heart with a single 
stroke of the hind leg. Three or four dogs are more generally 
laid on ; one of superior fleetness to " pull " the kangaroo, 
wiiile the others rush in upon it and kill it. It sometimes 
adopts a singular mode of defending itself, by cWping it* 
short, powerfid fore limbs around its antagonist, then hopping 
away with it to the nearest water-hole, and there keeping il 
beneath the water until drowned. 

The kangaroo is said to be able to clear even more than 
fift.een feet at one bound. 

Kapidtty of locomotion is especially necessary for a largt; 

animal inhabiting a country subject to such severe and widely* 

extending droughts as is Australia. The herbivoroiiR "^"IT^ 

I which people the plains of Southern Africa — the ant«Iop|^^H| 

j bIso capable of very rapid locomotion. In the oatclnpi^^^H 
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ever, as in all the hoofed beasts, all the four limbs (front as 
well as hind) are exclusively used for locomotion. But in kan- 
garoos we have animals requiring to use their front pair of 
limbs for purposes of more or less delicate manipulation with 
respect to the economy of the " pouch." Accordingly, for such 
creatures to be able to inhabit such a country, the hind pair of 
limbs must by themselves be fitted alone to answer the purpose 
of both the front and hind limbs of deer and antelopes. It 
would seem, then, that the peculiar structure of the kangaroo's 
limbs is of the greatest utility to it ; the front pair serving 
as prehensile manipulating organs, while the hind pair are, by 
themselves alone, able to carry the animal great distanca^ 
with rapidity, and so to traverse wide arid plains in pursuit 
of rare and distant water. The harmony between structure, 
habit, and climate was long ago pointed out by Professor 
Owen. 

The kangaroo breeds freely in this country, producing one at 
a birth. We have -young ones every year in our Zoological 
Gardens. A large number of them are reared to maturity, and 
altogether our kangaroos thrive and do well. One bom in our 
gardens was lately in the habit of still entering the pouch of its 
mother, although itself bearing a very young one within its own 
pouch. These animals have been already more or less acclima- 
tized in England. I have myself seen them in grounds at 
Glastonbury Abbey. Some were so kept in the open by Lord 
Hill, and some by the Duke of Marlborough. A very fine herd 
is now at liberty in a park near Tours, in PVance. 

It is a little more than one hundred and five years since the 
kangaroo was first distinctly seen by English observers. 

At the recommendation and request of the Eoyal Society, 
Captain (then Jiieutenant) Cook set sail in May 1768, in the 
ship Endeavour^ on a voyage of exploration, and for the 
observation of the transit of Venus of the year 1769, which 
transit the travellers observed, from the Society Islands, on 
June 3 in that year. 

In the spring of the following year the ship started from 
New Zealand to the eastern coast of New Holland, visiting, 
amongst other places, a spot which, on account of the number 
of plants found there by Mr. (afterwards Sir Joseph) Banks, 
received the name of Botany Bay. Afterwards, when detained 
in Endeavour Eiver (about 15° S. lat.) by tlie need of repairing 
a hole made in the vessel by a rock (part of which, fortunately, 
itself stuck in the hole it made), Captain Cook tells us that 
on Friday, June 22, 1770, "Some of the people were sent on 
tlie other side of the water, to shoot pigeons for the sick, who 
at their return reported that tliey had seen an animal, as large 
as a greyhound, of a slender make, a mouse-coVowt^^aA^s^ixecc^'^ 
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awift." On the next day, he tells us: "Tliis day 
everybody bad etiea the auimal wliich the pi^^eon-shiMtors 
brought an account of the day before ; aud <ine uf the MOi 
who bad l>een rambling in the woods, tuld us on his natufi 
that he verily believed be had seen the d«vil. Wo natunll 
paquired in what form he had appeared, and )iis answer n 
says John, ' As large as a one-gallon keg, and \firy like it ; 
had horns and wings, yet he crept so slowly thruugh the gi 
that, if I had not been a/eared, I might havp touched hi 
This formidable apparition we afterward.s liowt;ver, discoven- 
to have been a bat (a Flvisb Fox)." " Early thti next day. 
Captain Cook continues, "as I was walking in the moruiiig 
at a little diiitaace from the ship, I saw myself one of 
animals which had been described : it was of u li|;ht mo 
colour, and in size and shape very much resembling a grey 
hound ; it had a long tail also, which it carried like a gnv 
hound ; and 1 should have taken it for a wild dog if, instead 
running, it had not leapt like a hare or deer." ^Ir- itanks al 
had an imperfect riew of this animal, and was of opinion tl 
its species was hitherto unknown. The work exhibits an t 
cellent figiue of the animal. Again, on Sunday, July 8, beioj 
still in Endeavour Hiver, Captain Cook tells us that some 
the crew "set out, with the first dawn, in search of game, ai 
in a walk of many miles they saw fotu' animals of the aai 
kind, two of which Mr. Danks's greyhound fairly chafed ; bn 
they threw him out at a great distance, by leaping over 
long, thick grass, which prevented his running. This ani 
was observed not to run upon four tegs, but to bound or la>| 
forward upon two, like the jerboa." Finally, on ^turday, Jul 
14, "Mr. (fore, who went out with his gun, bad the 
fortune to kill one of these animals which bad been eo 
the subject of our speculation ; " adding, ** This animal is calfe 
by the natives kanffuroo. The nest day (Sunday, July \& 
our kanguroo was dressed for dinner, and proved must exeellen 
meat." 

Such is the earliest notice of this creature's ob^rvation b 
Englishmen; but Cornelius de Bruins, a Dutch traveller, saw, 
as early as 1711, specimens of a species (now named afiiT luu 
Mncropua Brunii), which he called Fiiatider, and which * 
kept in captivity in a garden at. Batavia. A verv fair repm 
eentation of the animal is gi^en — one showing the apt-rtun; i 
the pouch. This species was, moreover, descrili^d both 
PaliasI and by Schrebcr.J 
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It is not improbable, however, that kangaroos were seen by 
the earlier explorers of the western coast of Australia ; and it 
may be that it is one of these animals which was referred to by 
Dampier, when he tells us that on August 12, 1699, "two or 
three of my seamen saw creatures not unlike wolves, but so 
lean that they looked like mere skeletons." 

Having now learned something of the structure, habits, and 
history of the kangaroo, we may proceed to consider its zoolo- 
gical, geographical, and geological relations, in order to arrive 
at the best answer we may to our initial question, "What is a 
kangaroo?" 

First, as to its zoological relations : and here it is necessary 
to recall to mind certain leading facts of zoological classifica- 
tion, in order that we may be better able to see with what 
creatures the kangaroo is, in various degrees, allied. 

The whole animal population of the globe is spoken of under 
the fanciful term, the " animal kingdom," in contrast with the 
world of plants, or " vegetable kingdom." 

The animal kingdom is divided into certain great groups, 
each of which is c^led a sub-kingdom ; and one, the highest of 
these sub-kingdoms (that to which we ourselves belong), bears 
the name vertehrata, and it includes all beasts, birds, reptiles, 
and fishes; and the name refers to the series of bone called 
vertebrce^ of which the back-bone or spinal column (and all ver^ 
tebrata leave a spinal column) is generally made up. 

Each sub-kingdom is made up of subordinate groups, termed 
classes ; and thus the vertebrate sub-kingdom is made up of the 
cla88 of beasts or Mammalia (so called because they suckle 
their young), the class of birds, and other classes. 

Each class is made up of subordinate groups, termed orders ; 
each order is further subdivided into families ; each family is 
made up of genera ; while every genus comprises one, few, or 
many species. 

In considering the zoological relations of the kangaroo, we 
have then to consider the relations borne by its genera to the 
other genera of its family, the relations borne by its family to 
the other families of its order, and finally the relations borne 
by its order to the other orders of its class (the Mainmaliu) — 
that class which includes within it all other beasts whatever, 
and also man. 

In the first place, it may be observed, there are many species 
of kangaroos, arranged in some four genera ; but the true kan- 
garoos form a genus Macropus^ which is very nearly allied to 
the three other genera. (2) Dorcopsis^ with a very large first 
back tooth. (3) The tree kangaroos {Dendrolagus)^ whicli 
frequent the more horizontal branches of trees, have the fovo^ 
limbs but little shorter than the hind liiXi\MS HXidi yq^c^bJc^X.^^^ 
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(Jiiiuea. (4) Tbe rat-kangitToos { HT/p»lprymniis)t which h 
tlie first upper grinding tooth large, compressed, and 
VL-rtical grooves. 

Flo. i. 




t^kutl of A linl-kftDgiirou {!Iyi>eipr_i/niaiif). 



These four genera together constitute the kangaroo's rAUiLt 
the Macropodidie, the species of which all inhabit Amtralii 
and the islands adjacent, but are found nowhere else Id tb 

The species agree in having- 

(1) The second and third toes slender and unittxl in i 
common fold of skin. 

(2) The hind limbs longer than the fore limbs. 
{ 3) No inner metatai-eal l(one. J 

(4) All the toes of each tore foot provided with cluvaal 

(5) Total number of inctaora only 4- ^ 
Tiieee five characters are common to the group, and do 

coexist in any other animals. They form, therefore, the di» 
tinguishing characters of the kangaroo's femily. This family 
Mttci'opod d(e, is one of six other families which, together witl 
it, make up that much larger group, the kangaroo's order. Ju 
was just said, to understand what a kangaroo is, we must knoH 
" what are the relations home by its family to tbe other fami< 
lies of its order ;" and accordingly it is needful for our purposi 
to take at least a cursoiy view of those other families. 

There is a small animal, called a bandicoot-, which, in «» 
ternal appearance, differs very plainly from the kangaroo, bu 
resembles it in having the hind limbs longer than tbe fon 
limbs, and also in the form of its hind feet, which presen- 
a kangaroo structure, but not carried out to such au extremt 
degree as in the kaugaroo, and therefore approximating more t 
the normal type of foot, there being a rudimentary inner U 
and a less preponderant fourth toe ; the second and third toee 
however, are still very small, and bound together by skin do' 
to the nails. In the fore foot, on the contrary, there is 
deficiency, the outer toes being uaillesa or wanting. Th 
cutting teeth are more niunerous, these being I ^. 

This little creature is an example of others, forming tl 
family Po-ain^ida: — a family made up of creatures none 
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wlticb much exceed the hare in size, and which, instead of feed- 
ing on vegetahle subgtancea (as do the kangaroos), eat inaecte, 




Lang-DO«d BiiDdicDot (i'lrjii 



for which food they are well adapted by the sharp points and 
ridges which may be seen on their back teeth. 




One member of this family, Ck(sropna. is very exceptional ia 
the structure of its bind feet, which out^-kaii^Too ftveVsov^xQ 
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iu tlie miniitenees of all Uie toes but tlie fourth, upoo whid 
alone the creature valks, while its front feet are each reduced 
to two functional digits. 

No other known beast besides walks upon a. single toe in each 
hind foot, Bave the horse family (horses, asae.a, and zebras), aixl 
they walk upon a different one, namely, that which answers la 
oTir middle-toe, while Chwropus walks on the nest outer one or 
fourth. No known beast besides Ckwropus waller upon two toei 
in each fore foot, save hoofed creatures, such as the ruminaaU 
and their allies ; but in them it is the third and fourth toes that 
are used, while in Ch(eroptL3 it is the second and third toes. 




The Kcmlfl (Piatmtarvtiu), 



Another animal, called a phalanger (of the genus Phatnn 
giata), is a type of a third family of the kangaroo's order ; th( 
PhtUangistidiic, a family made up of creatures which live in treei 
and are nocturnal in their habits, feeding upon fruits and leaves 
Here we find the limbs of nearly equal length. Once more 
have I 5i and we still have the second and third toes imited 
a common fold of skin ; hut the innermost toe (that anewerin] 
to our great foe) is not only largely developed, but is like t.ha' 
of the apes, directed outwards, and capable of being opposed 
the other toes, as our thumb can be opposed to our fingers. 

Some of these creatiu'ea have prehensile tails. Others havi 
the skin of the flanks enlarged so as to serve them as a pant 
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chute in their leapc, whence they are called " flying opossums," 
just as squirrels, BimJlarly provided, are callinl "flying" 

There are two very aberrant members of this family. One, 
the koala {Pkascolarctua), called the native bear or native sloth, 
is devoid of any tail. 

The other, Tarsipen, but little big;ger than a mouse, has a 
long and pointed muzzle, and its teeth are reduced to minute 



each jaw. 

The genus C-uecua, closely allied to Phalitng-lafn, is found in 
New Guinea and the adjacent islands to Timor (PL CXXVIII. 
fig. 3). 

Fio 8 




The Wombal (P^oico/omy*). 

Another animal, the wombat {Phaaeolomys), forms by itnelf 
a distinct family. Pha»colomyid(e. It is a burrowing ikmv 
tiimal animal, about the size of a badger, with riidimeutAry 
tail and peculiar feet and teeth. 

We Ptill find the second and third toe? Imund togeHvc^ , U-niifc 
of equal length, and all the five toes ot tbe foie iooV ^uSxXv Aw** 
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(as in the last &mily), but the great toe is represented by a 
small tubercle, while the cutting teeth are ^, growing fiim 
persistent pulp through life, as in the rats, squirreU, and 
guinea-pigs (fig. 9). 

We may now pass to a very different femily of animals 
belonging to the kangaroo's order. We pass, namely, to the 
DasyurUke, or family of the native-cat, wolf, and devil. » 



Fio. 9. 




Teeth of the TVombat {Phascolomys). 

named from their predatory or fierce nature. They have well- 
developed eye-teeth (or canines), and back teeth with sharp 
cutting blades, or bristling with prickly points. The secoDd 
and third toes are no longer bound together ; and, while there 
are five toes with claws to each fore foot, the great toe is either 
absent altogether or small. The cutting teeth are ^, and the 
tail is long and clothed with hair throughout. Some of these 




Teeth of DaaynruM. 

animals are elegantly coloured and marked, and all live on 
animal food. This form (belonging to the typical gen is 
Ddsyums^ which gives its name to the jGunily) may be taken 
as a type ; but two others merit notice. 

The first of these is Myrmecobiua^ from Western Australia, 

remarkable for its number of back teeth, "" , and for certain 

geographical and zoological relations, to be shortjly lefened to. 
^^ith respect to this creature, Mr. Gilbert haa told 
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" I iiave seen a good deal of thia beautiful little auimul. It 
appears very much like a squirrel when nmniny on the p^oimd, 
which it does in succeseive leapf, with its tail a little elevated : 
every now and then raising its body, and resting on its hind 
feet. When alarmed, it generally takes to a dead tree lyinj^ on 




3fi/rmeeobi 



the ground, and before entering the hollow invariably raises 
itself on ils hind feet, to ascertain the reality of approaching 
danger. In this kind of retreat it is easily captured, and when 
caught is so harmless and tame as scarcely to make any resist- 
ance, and never attempts to bite. When it has no chance of 
escaping from its place of refuge, it utters a sort of half- 




Sknll of Mi/rmrw'-ii't. 

emothereil grunt, apparently produced by a succession of hard 1 
breathings." 

The other member of the family Diisi/nri-dce, to which I wisl 
call the reader's attention, is a very different animal from thai 
Mijrnitcohiun. I refer to t.he largest of the predatory inerabera of I 
the kangaroo's order ; namely, to tbeTasmanian wolf. ItUfl.ViwijL*(. 
ilie si7.e of the animal after which it U iiamed,a,'G4'\V\aTSia.xV«A. 



^^MHHiiliiHiP^P 

across the loins with t%er-like, black bands (Pi. CXXVIII. fig, 
4 ). It is only found in the island of TiumaDia, and will probably 
very Boon become altogether estinct, on account of its destrtic- 
tiveness to the sheep of the t-olonists. It* teeth have considerable 
resemblance to those of the dog, and it differs from all other 
members of the kangaroo's order, in that iiutre airtUiigea repre- 
sent those marsupial bones which every othar member of the 
order imqiiestionably possesses. 

The last family of the kangaroo's order consists of the tnie 
opossum, which (unlike all the animals we have as yet passed in 
review) inhabits not the Australian region, but America only. 

These creatures vary in size from that of the cat to that of 
the rat. 

They are called D'uielpkid(K, and agree with the DanyitridfE 
in having well-developed canine teeth and cutting back teeth ; 

Fm. 15. 




(_DidJp],y,). 
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in having the second and third toes free, and five toes to the 
fore foot. But they differ in that— 

(1) Cutting-teeth ^ (more than in any other animal), 

(2) A large opposable great-toe, 

(3) A tail, naked (like that of the rat) and prehensile. 
One of them is aquatic in its habits and web-footed. Such 

are the \ery varied forms which compose the six families which 
t<igetber make up the kangaroo's order, and such are the rela- 
tions borne by the kangaroo's family to the other families of the 
kangaroo's order. 

But to obtain a clear conception of the kangaroo, we must not 
rest content with a knowledge of its order considered by itself. 
But we must endeavour to learn the relation of its order to 
the other orders of that highest class of animals to which the 
kangaroo and we ourselves both belong, viz. the class Mam- 
mnlia, which class, with the other classes. Birds, Reptiles, and 
Fishes together, makes up the back-lxined or vert^nU': primary 
division of the whole animal kingdom. 

What, then, is the relation of the kangaroo's order — the 
ARBDPiALU — to the other orders of the class Mamrualia ? 
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Now these other orders are — 

1. The order which containa Man and Apes. 

2. That of the Bats. 

3. That of the Mole, Shrew, Hedgehcg, acd thtir allies — all 
'insKctivorous^ 

4. That of the Dog, Cat, Weasel, and Bear — all cmiiivormu. 

5. That of the gnawing animalti, BUch as the Rat, Squiirel, 
Jerboa, and Guinea-pig — all with cutting teeth ^, wiUi ym- 
tnatjent pulps. They are called Rodents. 

6. The order containing the Sloths. 

7. That of the glazing, hoofed quadrnpeda — Deer, Antelopts 
and their alliet i 

Fin 16 




lllL- V.ipucli {(liiroH'ilet). 

Henides tliree orders of aquatic beasts (Seals, Whaleii, and Iba 
Mauatee order), with which we need not be now further con- 
cerned. 

Now, in the first place, very noticeable is the miidi gntalet 
diversity of tructure found in the kangaroo's order than in uij 
other order of mammaln. While each of the Intter am of «!■ 
predominate type of structure and habit, we havi- fimiid in Ihi 
marsupials the greatest diversity in both. 

Some marsupials are, we have seen, arbon'al, utmn an 
burrowing, some flit through the air, while othem raugo o<r«i 

I graze upon grassy plains. Some feed on vrg«tah1o Amm! 
. others At« as ex.t^lusiveIJ insectivorous nt CMiiiv4 
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and their teeth vary much in number and structure. Cer- 
tain of my readers may wonder that such diverse forms 
bhould be thus grouped together, apart from the other 
mammals. At first sight it might seem more natural to place 
together flying opossums with flying squirTels ; the native 
tiloth with the true sloth ; the dog and cat-like opossums with 
the true dogs and cais ; and, lastly, the insectivorous marsupicds 
Avith the otlver insectivora. 

As to the kangaroos themselves, they might be considered as 
approximating in one respect to the Kurainants, in another to 
the Rodents. 

We have seen that even in Captain Cook's time its resem- 
blance to the jerboa forced itself into notice. And, indeed, in 
this jerboa (and its first cousin, the alactaga) we have the same 
or even a relatively greater length of hind limb and tail, and 
we have the same jumping mode of progression. 

Again, in the little jumping insectivorous mammal, the 
shrew {^Macroscelides\ we meet with excessively long liind limbs 
and a jumping habit. More than this : if we examine its teeth, 
we find both in the upper cutting teeth and in the back teeth 
great resemblance to those of the kangaroo. And yet there is 
no real affinity between the kangaroo and such creatures, any 
more than there is between a non-marsupial truly carnivorous 
beast and a marsupial carnivore. Indeed, both myself and 
my readers are far more like the Jerboa or Weasel than either 
of the latter are like to any marsupial animal. 

The fact is, that all these so varied marsupial forms of life 
possess in common certain highly important characters, by 
which they diflFer from all other mamrnals. These characters, 
however, mainly relate to the structure of their reproductive 
organs, and could not be here detailed without a long prelimi- 
nary anatomical explanation ; but as to the great importance of 
these characters, naturalists are agreed. 

Amongst the characters which sers^e to distinguish the mar- 
supials, there are two to which I have already called attention 
in describing the kangaroo ; namely, the marsupial bones and 
the inflected angle of the lower jaw. 

Every mammal which has marsupial bones has the angle of 
its jaw inflected, or else has no angle to its jaw at all ; while 
every animal which has both marsupial bones and an inflected 
jaw-angle possesses also those special characters of the repro- 
ductive system which distinguish the marsupials from all other 
mammals. 

Thus it is clear we have at least two great groups of mam- 
mals. One of them — the non-marsupials — contains Man ; the 
Apes; Bats; Hedgehog-like Beasts (Shrews, Moles, &c.)\ Cat*^ 
DogSy Bears, &c. ; Hoofed Beasts ; Edentates', T\o(i^:wV^^ \iAi<^ ^^^^ 
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the Aquatic Mammab. And this great group, contjitiuiig m 
many order?, is named Monadklphia. 

The other great groups consist of all the marsupials, &ad B" 
others. It consists, therefore, of the single order, Atartupi- 
alia, and is called Didelpiiia. 

Another group of mammala is made up of two g^-nera only— 
the Duck-billed Platypus or Orn^horkyncux and tin- EtkUlnit, 
two moat interesting forms but which cannot be fnitbfr 
noticed here. They form, by themselves, a theme amply suffi- 
cient for an article, or even half-a-dozen articles. 

As to its zoological relations, then, we may say that flu 
kangaroo in a peculiarty tnodijied form, of a mu«t( varitd 
oriler of mammtiJ-s {the Marsupials), wh}*Ji dijftr /rmn aU 
artiinaiy heaata (and at the same time differ from maii)ftjf 
vm-y important anatomicnl and physiological c-haractm, t%e 
Hujn of the presence of which -is the coexistence of marmpicit 
b'mes with an infleded angle of the tower jaic. 

We may now proceed to the next subject of enquiry, and 
consider the space relations (that is, the geographical distribw- 
tinn] of the liangaroo, its family, and order. I havi- alrettdy 
incidentally mentioned some countries where marsupials arc 
found, but alt of these were more or less remote. To tind Uviog, 
in a state of nature, any member of the kangaroo'^ order, we 
must at least cross the Atlantic. 

When America was discovered by the Spaniards, amongst 
t)ie animals found there, and aftemards brought over to 
Europe, were opo«auTns. properly so called — marsupials, of the 
family Didelphirtie, which extend over tlie American contioeBt, 
from the United States to the far South. These creatures were 
the first to make known to Europeans* that habit of sheltetiog 
tlie yoimg in a pouch whicli exists in the kangar'"i, and whi^ 
habit has given the name Mm-aupialia to the whole onler. 
But though this habit was duly noted, it is not strangle that 
(being the only pouched forma then known) the value 
the peculiarity should have been under-pslimate<l. It U wrt 
utrango that they should have been regarded a-i merely a 
kind of ordinary flesh-eating beasts, since in the more obviond 
characters of teeth anri general form they largely resembled 
euch beasts. Accordingly even the great Cuvier, in the first 
edition of his " K^gne Animal," made them a mere suIxUviston 
of his great order of flesh-eating mammals. 

But to lind any other member of the kangaroo's nrdof 

* The ri>11oiTin}; hk borih am')ii)nit tlie enrlin nolim* <it lhv*e anh 

" Hiotiirie (fun ViivagB fnil en la ivrtv du Bi^il," par Jpui de L^rv. 

Ui7S, p, loO. irernanilu'i ■' Hist. Mex..'* p. 330. l«Stl. "IliMnri* KfttureUi 
lies Anlilte*; " KotterdaDt, 1058. "Annlomy of an l)po««ra," Tenon, Witt 
^'»aii»., 1UI)6. ^" 
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(besides the Didelphidce)^ in a state of nature, we must go 
much further than merely across the Atlantic; namely, to 
Australia or the islands adjacent to it, including that enormous 
and unexplored island New Guinea, which has recently attracted 
public attention through the published travels of a modem 
Baron Munchausen. 

To return, however, to our subject. To find marsupials at 
all, we have, as we have seen, to go to the New World. To 
find nearer allies of the kangaroo, we must go to the ixeivest 
world, Australia ; newest because, if America merited the title 
of new from its new natural productions as well as its new dis- 
covery, Australia may well claim the superlative epithet on 
both accounts. We have found an indication, in the name 
Botany Bay, of the interest excited in the mind of Sir Joseph 
Banks by the new plants as well as by the new animals of 
Australia. And, indeed, its plants and animals do difier far 
more from those of the New World (America) than do those 
of America from those of the Old World. 

Marsupials, in fact, are separated ofi* from the rest of their 
class — from the great bulk of mammals — the Manodelphm — no 
less by their geographical limits than by their peculiarities of 
anatomical structure. 

And these geographical limits are at the same time the 
limits of many groups of animals and plants, so that we have 
an animal population (or fauna) and a vegetable population (or 
flora) which is characteristic of what is called the Australian 
region — the Australian region, because the Australian forms of 
life are spread not only over Australia and Tasmania, but over 
New Guinea and the Moluccas, extending as far north-west as 
the island of Lumbock, while marsupials themselves extend to 

In India, the Malay peninsula, and the great islands of the 
Indian Archipelago, we have another and a very different fauna 
and flora — that, namely, of the Indian region, and Indian forms 
of life extend downwards south-east as far as the island of 
Bali. Now Bali is separated from Lumbock by a strait of but 
fifteen miles in width. But that little channel is the boundary 
line between these two great regions — the Australian and the 
Indian. The great Indian fauna advances to its western margin, 
while the Australian fauna stops short at its eastern margin. 

The zoological line of demarcation which passes through 
these straits is called " Wallace's line," because its discovery is 
due to the labours of that illustrious naturalist, that cou- 
rageous, persevering explorer, and most trustworthy observer, 
Alfred Wallace, a perusal of whose works I cordially recom- 
mend to my readers, since the charm of their style is as 
remarkable as is the sterling value of tVie\x co\il^»X^. ^^^ 
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Wullace poiuted out tliat not only as regiirde Ix^asU (*ti 
wliit^h we are concerned to-day), but that aleu as regaidk bid 
these regions are sharply limited. " Australia has,' he m 
'•no wowlpeckers, no phea«ant^— families which exist in evei 
other part of the world ; but instMid of thorn it has tlie mtHia 
iiiuking brush-turkeys, the lioney suckers, the cockatiioii, whI tl 
brush-t^ngiied lories, which are fuimd oowbtire else upou tl 

.\ll these striking peculiarities are fo<uid also in those h]aa 
which forin the Australian division of the Archi)>eliig«s white: 
those islandx wliicb belong to its Indian division theati Auatn 
lian birds have no place. 

On passing fi-om the island of Ball to that of Lumhitck, « 
cross the division betwctn the two. " In Bali," he lelh i 
"we have barhet«, fruit-thrushes, and woodpeckers, while 
Liiint»>ck these are Been no more; but we have abimdanM 
cwkatotis, honeysuckers, aiid bjnsh-turkeya, which are equall 
iiuknowu in Uali, or any island further west." 

As to oiu- second point, theO — the geographical relation 
llie kangaroo — we may say that the kmiffititxt in tnw 0/ i 
oriUir 0/ unimalti miijiitetl to (he Australinn ififion at 
Ainerica, the great IntUc of wAiWi onUr. inclwliuii the fcii 
gitroo's own faviitif, yixciiOFOowMf ia strictly coiijinfi tat 
Aiiatrttlian reglcm. We may furihfr add, that in thv Aiislt 
lian region ordinary beasts t^Monorldjihiu) ari? cutiri*ly 
8ave some bats and a rat or two, and the wild d<>g or 6kug 
which was probably iutiodiiced there by tuan him^cltl 

There only remains, then, for us to enquire, lastly, vkl 
relations with past time may he fouud U> exist ou th« part 1 
the kangaroo's order or of llie kangaroo itself. Now, in fac 
these relations are of considemble interest. I have spoken 1 
Australia as, what in one sense it certainly is, tlie ttewent tcori 
and yet tlt^ vldeat world would, in truth, be au aptcr title 
the Australian region. 

In these days we bear much of " siu^vivala," aa the ti 
buttons behind our frock-coats are "survivals" of Iho extii 
sword-belt they once supported, and the '• Oh, Vos ! ob, Ji 
oh, yes I" of the town-crier is a "survival" of the former h^ 
and courtly predominance of the French langiin^^ amongst 
Well, in Australia we have to-day a magnihcent case of j 
logical survival on the Urgest scale. I'liere, ns has alrew 
been said, we lint! living the little MyrmecotiiuM, which repi 
sents before our eyes a creature living in the flesh ti>-day,whii 
irt like other creatures which imcv livfxt herein England, m 
which have left their relics in the Stoucalield ooiil«, the flepM 

I of which is separated from oiu' own age I9 an ahyaa of |i 

c not to be expressed by thousands of years, bat onljr la 
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indicated in geological language as the Mesozoic period — the 
middle of the secondary rocks. 

But Australia presents us with a yet more interesting case of 
" survival." Certain iish-teeth had from time to time l)et*n 
found in deposits of ooliti« and triassic date, and the unknown 
creature to which they once belonged had received the name of 
Ceratodus. Only five years ago this animal, supposed to have 
been extinct for untold ages, was found still living in Queens- 
land, where it goes by the name of " flat head." It is a fish of 
somewhat amphibious habits, as at night it leaves the brackish 
streams it inhabits, and wanders amongst the reeds and rushes 
of the adjacent flats. The anatomy of this animal has I wen 
carefully described for us by Dr. Giinther. 

We have, then, in Australia what may be termed a triassic 
land, still showing us in life to-day the more or less modified 
representations^ of forms which elsewhere have long since j)iussed 
away from amongst us, leaving but rare and scattered fragments 
— relics " sealed within the iron hills." 

No member of the Australian families of the kansfaroo's or(l(^r 
has left its relics in European strata more recent than th(i 
secondary rocks. But the American family, DUlelphULai^ is 
represented in the earliest tertiary period by the remains of an 
American form (a true opossum) having been found by Cuvi<;r 
in the quarries of Montmartre. He first discovered a low(»r jaw, 
and, from its inflected angle, concluded that it Ijelonged to a 
marsupial animal, and that therefore marsupial lx>nes w(trc! 
hidden in the matrix. Accordingly he predictecl that such bones 
would be found ; and, proceeding to nmiove the enveloping de- 
posit with the greatest care, he laid bare l^efore the admiring 
eyes of the bystanders the proof of the correctness of his pn'dio 
tion. It is noteworthy, however, that had this fwsil lx?<jn that 
of an animal like the Tasmanian wolf, he would have U^en 
disappointed, as, though marsupial, it has, as hart Ix^m al nearly 
said, not marsupial bones, but cartlbuiefi. 

But relics of creatures more closely allir^rl t/^ the kangaro^i 
existed in times ancient historically, though, gf.'^ilogic'ally hf>*^ik- 
ing, very recent. Just as in the recent defKiJ*ith rif Sriuih 
America we find the bones of huge U^^ts, first aiiHinn to Ih'? 
sloths and armadilloes which live there now, s^i in Auhiralia 
there lived beasts having the more e«?^.'ntial stnictural ifuini*;- 
t-ers of the kangaroo, yet of the bulk of the rhinor^rro^, 'Yht'.'xr 
bones and teeth have Ijeen found in the U^rt'iary tlrfHu^iiA of 
Australia. They have lieen descril^e^l by Profe-w,r ()'A<-ri, Jirid 
are now to be seen prcrserved in the British Aluf'-iun uti'l th^if 
of the Koyal College of Surgeon*. It may >xr that '»th"f fo^'il 
forms of the middle mesoziric or even of insv^^'ut ^'unf^ tmtu^w*^ 
some believe, have belonged to creatures of l\i«; Vanvjit «!«»•. \a\\\\\n[ \ 
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but at least there is no doubt that such existed in timeii of poft- 
tertiary date. 

As to our third point — the geological relatioua of the lum- 
garoo — we may say, then, that " the kangaroo is one of an 
order of animals which raTiffed over the northern h*mi«phn 
in triaaaic and oolitic times, one exceptio'nal family Ungerinj 
in Europe to the Eocene penixl, and in America to the present 
itay. That the kangaroo itself ia a form certaiidy becam* 
fossil in its ovm regioit, ■where, in times geologiiuilly recmU, 
creaturea allied to it, bat of vuatly greater bnlk^f^-equenied tiit 
Australian plains." 

We may now, then, proceed to answer finally the question, 
" 117((e( ia n kangaroo f " We may do bo hecause the maaoin^ 
of the technical terms in which the answer must necesBarily l«t 
espresaed (if not of undue length) have been now explained, 
fill' as space has allowed. 

We may say, then, that " tke biugaroo is a (litUlpkoV9{or 
marsupial) Tnammal, of tke family MAcaoPoniD.s ; an inAa* 
bitant of the Austratian region, and con-nected, as reapecUiti 
order, with triassic times, and possibly even, as regardt itt 
family also, though certainly {as regards the lattei-) teiik 0* 
time of the post-tertiary geological deposits.' 

We have seen what are didelpbous and what are metw* 
delphoua mammals; what are the respective rabies of tbe 
terms " order," " family," and " genus," and also in whil 
respect the kangaroo ditfers from the other familie» of tlic 
marsupial order. We have also become acquainted wilh the 
distnbtition of organic life now and with tbe inter-relatioM of 
different geological strata, as far as those phenomena of space 
and of time concern our immediate subject. 

By becoming acquainted with these matters, and by no other 
way, is it possible to give an intelligent answer to the 'inestion, 
" What is a hmgaj'oo ? " 



DKSCRirnON OF PLATE cxxvin. 

Maoiiipiu Jhrrj/i'. (From ihn Transacliani of the Zoolo^ 

Society, vol. i. p. 300.) 
Sole of Itigfat Foot of KaDfraron. 
Ciifnf Orieutalu. (From the Proceeding* o( ibe Zoo1og1«il Sodet; 

for 1858, ]'i. LXI.) 
Tl't/lacmmi Ci/ntiefjihalai. (Fmm tbe l'n>cee<iiii^ of the Z 

aodwtj- for 1850, PL X\IH.J 
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RECENT DISCOVERIES IX PHOTOGRAPHY. 



By J. TRAILL TAYLOR. 



AMONG- recent discoveries in photography tliere nn^ two 
which appear to exercise an important influenco upon tin* 
future practice of the art-science. One of these refers to th<» 
production of negatives, the other to the printing of positivoH, 
or proofs upon paper. 

As hitherto practised, the production of a negative involvcH 
several manipulations of a somewhat messy nature. T\u*. argmtiij 
halogens, iodide and bromide of silver, which coustituto thn 
sensitive body in the collodion film, have been formcjd by douhln 
decomposition, a collodion containing a haloid salt luring im- 
mersed in a bath of nitrate of silver, by which imlide of hIIvit in 
precipitated in the film, together witli tlie nitrate of tlie baw? n( 
the salt, which, being sohible, remains in the batli to contaminate} 
the silver. If the plate is to be drie<l and sUired away for futiin* 
use, it is now subjected to a series of wasliings U) tfOimiriati* f h«? 
soluble salts, after which it is ** preserved '* by the apfiHcaiiori of 
an organic solution such as gelatine, tannin, i^uut^ and oIImt 
bodies. 

With a view to simplify these complex jtrftc^mmtn it ha/l loun 
been considered desirable that the fiaioid Kalt« of nilv^rr kIiomM 
be mixed with the coUodioo, so a* to en^ur*; by a ttiuu.U'. ofM^nt' 
tion the coating of the plate with a JM?rj*jtiv<j layoff* I'ut if w;u 
found that the large atoms of iodid^?of feilv^r wouht ri//f, **nt*iUify 
with collodion ; and all attempt:* at pfxii^ririj^ h *<m*i»i'/'r /y,||//' 
dion filled^ until about ten r^sart aj^o, wh'^t two l^i^^fy^'A 
amateurs, ^yce and bolUaif i^Av^l tb*; prohhrfu */[ pfv3*>/'.r*;^ j* 
sensitive collodion emiil»i<>D \tj Au^^^rAiuyi *f%4*U*'\y *^t*' ;vJ,'J/ ^t 
silver, and subetitotiDg for it l^'nfii^l^ '#f ^iU^f, '1 /^^ t^ '• '^/^ 
ditions under which this bfwai/i'r «^;;*jl*>f>?* unu fv/ »>« »'^>J 
years formed a theme for th^ ii;-i*^^yVi'/f/« '/ w/-;,*,<> y -, 
tc^aphers, and thesMr re!%«uT?L« r^Tir ir/*^NT ^/^y; va/J »/, *?- 
high state in which th<i: art ^i^A %: *'^ j/f-r*^,* *.'.'-'. •• - • / 
the state of per&ctir>D Vm wi^nr. v^ »7v>r;.% /, -^^^/^^ r^v,** ••• 
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plates lias been brought during the past year, that bU' 
washings, preservatives, and organiBem may now be nrtlffl 
dispensed with, the sensitive emulsion lieiiig au compMWicf 
contain within itself everything that condiious to the rcudt-ii^ 
the sensitive film complete. 

A pi-actical difficulty that long exi«t«d ia the pre[)uratiaD o 
a sensitive emulsion lay in hitting so exaiitly the ciJiubinia) 
eqtd\~alents of the salts used in senfdtising ttm collrtdioti w b 
leave neither of tlieni in excess. The bromide of ttiivvr brliif 
formed in the collodion by the decomposition ofnitratcofsilvci 
and a soluble bromide, tliere was a difficulty, well-iii^h ummuK. 
ing to impossibility, in so combinin};them asnot to allow nOmt 
to predominate. To make a combination in water isi<a^; ImI 
not so ia it in a thick, viscid liquid like collodion. If tbt- tilva 
he left in excess, fogging of the negative is certain (o follitV, 
unless a resti'ainer like mineral acid be added ; if, on tlie nlliu 
hand, the bromide preponderate, the plate is insensitive in pro- 
portion to that excess ; and hence for some time it was cu«t«ii»iy 
to have a much larger proportion of bnimide presi-nt tlian wi» 
necessary, and after coating a plate with an emulsion of tint 
kind to confer sensitiveness upon it by washing (vith watw, titit 
to effect the removal of the free bromide which acted so [mwef 
fully as a retai'der. A fiirtiier necessity for bii\ing thr &er 
bromide removed was foimd in the fiict that when an imi^f if 
impressed upon a iilm containing it, unless that latent ioufv 
be quickly developed, it is rapidly destroyed by the soluiw 
bromide. 

It has already been said that a result of the dccumpocitita 
arising from immersing a salted collodion plate in a uitnU of 
silver hath is not only the formation of bromide of silver, hat 
also of the nitrate of the base of the haloid salt. The praiwe 
of this nitrate in a wet process is of minor consequence, but fa 
different is it when it exists in a collodion film that ii l'< I" 
dried ; for on crystallising out, as it must necessarily do if lire- 
sent in a moderately large quantity, it disintegrates the film; 
and even if quite innocuous in a chemical sense, its prvseooe i* 
fatal in a physical point of viev. 

The miileficent influence of the crystatlisable salt rwultii^ 
from tliB decomposition had previously l>een uoteil by Mr. J- 
King, of the Bombay Civil Service, during a brief visit to tin* 
coimtry ; and when making experiments with gelatine ius(«id " 
collodion as a vehicle for the sensitive bromide, be. by a happj 
appUcation of the principle of dialysis, Hucceetled in effeftuaUj 
removing every crystallisable compiiund, as will be prcwiitlT 
shown. The method t-ubsequeutly lukipt*^ by Mr. lii>lti.ri in 
effecting a similiir removal on behalf of ci>l)<>: 
■Mmplfite, inasmuch as lie not only eliminated (i ' 
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salt but also added the requisite organifier or preservative 
body, by which the pores of the film are kept sufficiently open 
to be permeated by the developing solutions afterwards to be 
applied. 

The simplicity of the method adopted is great, its efficiency is 
obvious. A coUodio-bromide emulsion that has been so nearly 
adjusted in relation to the predominance of one salt over another 
as to be in moderately good working order is poured into a large 
flat dish. After a few hours, when the thick film has become set, 
a small quantity of distilled water is poured upon it and the film 
divided into squares by means of a paper-knife or silver fruit- 
knife. By thus breaking up the film and subjecting it to a few 
changes of water all the soluble matter is entirely removed, this 
removal having been facilitated by the addition of a little 
glycerine to the emulsion before it was poured out to set. The 
ftinction of the glycerine is mechanical, not chemical. When the 
whole of the crystallisable salts are removed the film is dried, and 
is either ready for being re-dissolved immediately, or for storing 
away for fiiture use. There appears to be no limit to its keeping 
powers, provided it be kept in a pkce from which light is ex- 
cluded. To render this dried pellicle ready for use it is only 
necessary that it be dissolved in a mixture of ecfual parts of 
ether and alcohol, adding to it a little of an alcoholic solution 
of tannin and a similar solution of soap. 

To use a collodion prepared in this or any similar way all 
that is necessary is to pour a little of it on the glass plate on 
which the negative is to be taken, allow it to dry, and either 
expose it in the camera without further preparation or place the 
plate away until it is convenient to use it. In this way it will 
be seen that photography is now reduced to a state of great 
simplicity, so far, at any rate, as the preparation of the plates 
is concerned. 

Armed with a bottle of this sensitive emulbion, a photographer 
or tourist may now visit any country with the certainty that, 
wherever he can procure glass plates cut to such sizes as he may 
require, there can he have sensitive plates — plates, too, absolutely 
identical with each other in respect of sensitiveness — unifor- 
mity being a necessary consequence of the method by which 
they are prepared. To one accustome<l to the preparation of 
plates by the usual bath method, with the subsequent wai'hings 
and prenervatives, it is very difficult at fir^t to realise the ex- 
treme simplicity of the "washed emulsion procesj*.' In the 
Bimple act of pouring the collodion from a bottle on to a ^la^s 
plate every operation is now included. The result is a plate 
capable of yielding a high-class negative, and possessirg qi.ite 
as ((reat a d^rree of sensitiveness as dried collodion [lates \re.- 
piwd bj any other method. 
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It might at first siglit appear as if the atoms uf limmiik 'if 
silver when used in the emulsified form would )te cniinr and 
grftniilar, producing a corresponding granidarity iu tli? finitW 
n^ative when compared with a film in which the decompositina 
was made. But it is a singiUar fact that when a negative tii 
the former kind is subjected to microscopic esaiuinntiun the 
atoms of raefallic silver of which the ima^ is coni)ioN^ a» 
eitremely fine — so fine, indeed, as, with a power oftwo-tb'idi 
of an inch, to show like a stain. When a negative taken ia 
the usual way — that is, with a siher bath and iron develnptoent 
— is examined under the same power, it appears eiceedin^f 
coarse, the atoms of reduced silver being very large. 

But it is not necessary that the sensitive preparation be ke)l 
in a fluid form. We have just said that there appears to he no 
limit to the keeping properties of the desiccated pellicle, pro- 
vided it be kept away from the light. A most useful and 
practical application of this fact is, that a traveller can take 
with him to any distant country a small packet of this pelUcls. 
either in a pellicidar or a pulverulent form ; and in both «J 
these states the preparation is now commercially obt^naU* 
The advantage of this to the tourist cannot be over-est.imaiei 
When the photographic visitor to the Continent takes with him 
a supply of dried plates he runs a risk of having them spoilt bj 
the examination, in daylight, of the Custom House offieiali: 
when he takes with him only a bottle of eimilsion this danger 
is reduced to a minimum, especially if the bottle bf actjniolly 
opaque. But by taking with him, instejid of these, a sujiplyuf 
the sensitive collodion in the form of a ccjarse powder, lie seouW 
the maximum of convenience without any risk wbatevw. To 
prepare a solution for use a certain proportion of thi* powds 
is added to a mixture of ether and alcohol, in which it i« dis- 
solved ; and thus is made a collodion fit for immediatr ti»e. 

To prepare this sensitive collodion, dissolve a hundred Bad 
thirty-five grains of pyroij-L'ne in fifteen oimces of a misture " 
ether and alcohol. There must be ten ounces of etiier to Art 
of alcohol, but both of these may he the most commnn methy- 
lated kind. In this is dissolved a hundred and eighty grain* « 
anhydrous bromide of cadmium. To this is then adtlisd ■ »• 
liition of three hundred grains of nitrate of silver in five ounctf 
of methylated spirits, the solution being aided liv lii-at and the 
addition of a little water. It is poured in the o'llt'dion grid''- 
ally, with intermediate shaking, and is then uI1i>wk1 to sUnd 
for several hours; after which an excess of bromide i* adii«'< 
consisting of seventy grains dissolved in an ounc<' wf methyUW* 
alcohol. After being well mixed and allowed to ftand for iw 
or three hours an ounce of glycerine is added, and tbt whole V 

"<red out in a flat diih, washed oud dried. It i^ thru eat JoV 
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ehreds, reduced to powder, or packed away io any other auitabla 
form, ready for being dissolved when wanted. 

It is necessary, in order to obtain the best resillta, tliat 
organic matter be added to the emulsion. The kind recom- 
mended by Mr. Bolton is composed of forty grains of tannin 
dissolved in an ounce of an alcoholic saturated solution of soap, 
twenty minims of this being added to each ounce of emulsion. 

The development of the image is best effected in the follow- 
ing manner : — First wet the surface of the plate by pooling 
over it methylated alcohol, followed by a rinsing with water. 
Xcxt apply a four-grain solution of pyrogallic acid, which in 
the course of about a minute generally brings out a very feeble 
picture; but at the end of this time, whether a picture be 
visible or Dot, poiy off the developing solution into a vessel 
containine a few drops of greatly diluted ammonia (one drachm 
of ammonia to thirteen drachms of water), together with an 
equal proportion of a ten-gniin solution of bromide of cadmium, 
and apply again to the plate. This will immediately bring out 
the image in great vigour, the silver of which the picture is 
formed being obtained at the expense of the bromide, which is 
reduced. 

At this stage the negative image may lie converted into a 
positive. To effect this it is only necessary to apply diluted 
nitric acid, which dissolves metallic silver, but leaves the bro- 
mide of that metal unaltered. Now, as the opaque portions 
are composed of reduced silver, such parts are consequently 
denuded of bromide; hence the solvent action of the acid 
renders the glass more or less transparent in the exact ratio of 
its previous opacity. This principle is now being successfully 
applied in the production of transparencies and enlargements 
by a single operation. 

But simultaneous with, or rather previous to the successful 
working out of the interesting photographic process just 
described. Dr. R. L. Sladdox had conceived the idea of emulsi- 
fying gelatine, instead of collodion, with bromide of silver. 
Having worked out his idea to a practical issue with that intel- 
ligent assiduity so characteristic of this gentleman, he had to 
withdraw from this pursuit, which, however, was taken up by 
others. It was soon found that when the gelatine was well 
charged with bromide of silver it was more sensitive than col- 
lodion; but the crystallisable nitrates resulting from the decom- 
position by which was formed the bromide of silver precluded 
the possibility of fully utilising this quality, for the him was 
unable to relain these nitrates without undergoing disintegra- 
tion. Mr. King, to whom allusion has been made, effected the 
removal of the soluble salts by the well-known principle 
dialysis. The gelatine having been liquefied, bromide of potas- 
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eium aLd nitrate of silver, eacli previously dissolved in •niet, 
are added, and after a sutBcient time is allowed tn enable tima 
to re-att upon each otlier the Bolutioii is poured into adiUrvi, 
which is placed in a vessel of warm water. In a few lionnth* 
whole of the crystalline aalta will be found to have piuiscd tiin)U(^ 
the septum of the diatyser. Here, then, is a means hy which ■ 
(gelatine film may be loaded with bromide of silver, free botb 
from excess of either of the two salts employed to effwt tbt 
deeompoHtion, as well as from the nitrate of potash which if> 
Bult-s from that decomposition. 

Only a short time has elapsed since the foregoing discorety, 
but during that time great progress has been made, >Ir. ^ 
Keimett has further simplified the preparation of the gelatiiMK 
pellicle by making itself the septum, and doing away with ■ 
separate dialyser. He mixes with the gelatine the necessary oitt* 
pours the whole out into a flat dish, and when the gelatine bu 
Bt-'t, but not liecome desiccated, he merely places it in a vesselrf 
cold water, by which everything of a crystal Usable natim ii 
removed ; after which the sensitive colloidal body is dried, eat 
up into shreds, placed in opaque packet!^, and may he tnu- 
ported to any part of the world, ready to be converted into* 
highly sensitive emulsion by the addition of warm water. 

A singular fact, for the elucidation of which no tenililf 
hypothesis has yet been brought forward, is that a gelatiw*- 
bromide emulsion film is extremely sensitive, much more m 
than one of collodion. The quality of negative ohiaincd on 
plates so prepared is most excellent, while the atoms of «lnt 
of which the image is composed, when esamined imder tfc* 
microscope, partake even still more of the nature of a stain tint 
a collodion emubion negative. This process is still in it* 
infancy, liut from its having l)een brought to such a state if 
perfection during the brief period of its existence it ia ssfeW 
predicate that further improvements will rapidly Iw effect»l> 
The way by which we ruccessfully develope gehitine plat«« t» 
similar to that alieady described for collodion plates, onuttiaC 
the application of alcohol and substituting for it a rinsing mfli 
water. 

Although gelatine at present pousestes such a marked adviB- 
tage over collodion in respect of sensitiveness, it is diiBcult W 
work with it in hot weather; and the emulsion must beu«<i 
soon after it is made, otherwise putrefaction will set in ; aoil it 

is unfortimatp that the addition of any of tli" ..-.;-tT--« 

which prevent putrefaction affects the excellem 
sion. Salicylic acid is being tried for thU piu ] 
some preparations of camphor; hut while we in ^ 
their agency, our experiments with them an- t 
advanced to warrant the results being recorded 
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In the meantime Mr. Stillman, who has done much for di'ied 
oollodio-emulsiona, and wlio lias succeeded in making one of 
excellence and stability, ia engaged in trying to solve the 
problem of conferring as much sensitiveness on the collodion 
pellicle as that at present possessed by gelatine. That he will 
succeed we have every reason to believe, judging by what we 
have seen in course of our experiments with him. A revolution 
in the practice of negative photography is rapidly being 
effected; when a dried collodion emulsion shall have been 
obtained that frill possess the sensitiveness of gelatine the 
revolution will be complet«. 

Not alone in the production of negatives have discoveries 
been recently made. It has been a standing disgrace to photo- 
graphy that its prints faded ; their permanence eoidd never be 
lelied upon. Hence the endeavours to have silver printing 
supplanted by carbon or any other reliable substance. 

Starting with tlie idea of printing photographs in the most 
stable metals known, such as platinum or iridium, Mr. William 
Willis, jun., recently sought to find a good reducer of these 
raetals, and spent some time in making experiments with 
ferrous oxalate, a beautiful lemon-yellow powder, known to be 
insoluble in water and most other menstrua. Working away 
for a time without any satisfactory result, lie eventually dis- 
covered that a solution of it in the neutral oxalate of potash 
instantly precipitated the metal from the ordinary chloride of 
platinum ; in other words, he found that a solution of ferrous 
oxalate in potassic oxalate reduced salts of platinum to the 
metallic condition. Now, as ferraws oxalate can bo produced 
by the action of light upon ferric oxalate, it follows that if 
paper which has received a wash of chloride of platinum and 
ferric oxalate be exposed under a negative in the printing 
frame, and then receive a wash of potassic oxalate, the metal 
will be reduced in proportion to the action of the light. 

When this printing process, the principle of which we have 
thus described, is carried out in actual practice, a picture of a 
fine quality is obtained by an exposure to light of about one- 
fifth of that required for ordinary silver printing ; that, at any 
rate, is the estimate we made when witnessing the process 
worked. When the pictures are taken from the printing frame 
they are feebly although distinctly visible, although up to this 
stage the platinum has not taken any part in the performance. 
The \nsible picture is composed of ferrous oxalate, and it would 
have been equally visible bad no platinum been present. Tlie 
picture is now drawn over a solution of potassic oxalate, and 
instantly, as the result of this contact, the image becomes 
strong and rich, of a warm velvety-black tone. 

As far as mere permanence is concerned the picture is now 

TOL. XIT.— BO. LVII. 
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finijthed — boiling nitric acid would have no effect upon it. But 
it must be remembered that the paper was sensitised by ferric 
oxalate, and it is desirable that it be removed. To effect this 
the priDt is immersed in a weak solution of oialic scirf, by 
which the whites are rendered very pure. Hinsing in pkin 
water completes the operation. There ia a great cliarm about 
these pictures, which are made on plain paper, the tones being 
like that of a warm engraving. Added t« their beaiity and the 
rapidity of their production, they resist all the usual destruo 
tive tests. 

The developing action of the potassic oxalate will readily be 
comprehended from the following considerations : — Bearing in 
mind the axiom that no chemical action can take place unles 
one of the substances be in a liquid form, observe thnt when 
the picture is removed from the printinsj frame thetwosiil^ 
stances — tlie ferrous oxalate an<i the platinum salt — are botli 
solid, and hence the former body has not had an opportunity 
of acting upon the latter ; both are side by side, and in tlw 
most favourable position for one to act upon the other, but ii 
is Iield in check. The question now arises, What will releww 
it, so that it may reduce the platinum, so coD\~eniently situated 
for this purpose ? It is not soluble iu water, but ia so in a 
solution of potassic oxalate. \o sooner, therefore, is the picton 
placed in contact with such a fluid than the exposed paHs— 
coDBisting of ferrous oxalate — are liquefied and iostaats- 
neously exert their reducing action on the neighbouring par- 
ticles of platinum, whicli thus are made to form the picture. 
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INSECTIVOROUS PLANTS/ 

TTDW often havd we not heard the question asked hj officers of the Army 
-^-^ and Navy who have been abroad, What is to be done in a place Uke 
India ? what resources lie open to a man but hunting, shooting, and flirtation P 
And what a splendid reply is given by the author of the work on Insectivorous 
Plants which is now before the world. It is to an ordinary person perfectly 
astounding what a naturalist of Mr. Darwin's turn of mind can see in objects 
which have been under the eyes of all, and yet have not till now been 
properly observed. And the present volume is literally a perfect storehouse 
of observations which have been conducted by Mr. Darwin, and by certain 
foreigners who have been even earlier in the field than the renowned English 
biologist It will, doubtless, appear strange to the person who is not well 
▼ersed in modem natural history, that the present work has to do exclu- 
sively with the different modes in which certain plants capture, kill, and 
devour animals ; yet assuredly such is the nature of the book's contents. 
Mr. Darwin covers more than 450 pages by bis graphic accounts of the 
different plants he has watched, of their several modes of capturing 
their prey, and of the effects of different inorganic and organic suh^tanccs 
on their power of digestibility. And of his mode of conducting his experi- 
ments, and his careful method of carrying on his observations, it is impos- 
sible to speak (as, of course, those who aie familiar with Mr. Darwin's 
writings would have anticipated) in too impressive a manner. He has given 
us the history of more than twenty different plants, some of them, ns 
DroBera, at immense length, and .witli a vast number of original observa- 
tions, and others which were had with great difficulty from abroad, and 
which only allowed of a limited number of experiments, less abundantly 
experimented on, but not on that account with less accuracy of observation. 
In every case we note — what we have ever hod to observe in writing of 
Mr. Darwin — that tendency to give the utmost credit to his fellow-laboui'ers, 
even when the observations made by them do not in any way agree with 
his own. 

Mr. Darwin appears to be the first who has accurately recorded those 
various changes which certain cells appear to undergo even in a compnra- 



• " Insectivorous Plants." By Charies Darwin, M.A., F.R.S., &c. With 
Illustrations. London : John Murray, 1876. 
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lively biief space of time. Hia diagrammatic eketehes of » oell, which 
ahow the several changes it baa undergone in the coune of tbant sxUen 
minutes, are full of interest, and thej will at once recall to the mind of Hu 
■ludent of human microscopic anatomy the sort of thing seen when ■ bt& 
piece of certun mucous membranes ia submitted to examiostion. We tiuak, 
in regard to those obserrstioiia, that what the writer remarks it exlnmslf 
probable— for, indeed, we have ourselTea witnessed it when emplo^ng in- 
proved Uluminators — viz. that in some of the specimens, in which spps- 
rentlj two distinct culls existed, there reatlj was a connecting cord, i^lch 
was " drowned " by the method of throwing the light on the object. H» 
says, p. 41: '■ At first there was at the base of the cell ft little mass oa s 
short footstalk, and a larger mass near the upper end, and then iMm*! 
quite separate. Nevertheless, they may have been connected by A fine tad 
invisible thread of protoplasm, for on two other occsmons, whilst one IBM 
was rapidly increasing and another in the ssmecell rapidly decreasing,! ml 
able, by varying the light and using a high power, to detect a toaMB&ag 
thread of extreme tenuity, which evidently served as the channel of conUM- 
nicfttion between the two.'' 

Of the many experiments the author has made with reference to 111* 
digestible power of certain plants, some of the most interesting are those be 
conducted on the Drorera rvtvndi/olia. These showed that raw flrish, whea 
placed upon the leaf, wss completely digested in a comparatively ahoH KpsM 
of time. But one would have thought that bone was entirely htjaai 
the power of the plant. It does not appear no from the following KConitt 
which Mr, Darwin has given: — "Dr. Burdon Sanderson suggested tome 
that the fuiluro of Orotera to digest the fibrous basis of bone might be das 
to the acid being consumed in the decomposition of the earthy salts, so i ' 
there was noue left for the work of digestion. Accordingly, my 
thoroughly decalcified the bone of a sheep with weak hydrochloric add, 
seven minute fragments of the fibrous bases were phiaed on so many leavts. 
four of the fragments being first damped witli saliva to <ud prompt inBeetiaa. 
All seven leaves became inflected, hut only very moderately, in th' 
of a day. They quickly began to re-expaud, live of thent on thi 
da3', and the other two on the thinl day. On all seven leaves tbi 
tissue was converted into perfectly transparent, viscid, more or less ligniGed 
little masses," Thus we see that even decalcilied bone was nearly cm 
pletely dissolved by the plant, althougb evidence of absorption was not 
clenily shown. Among other curious e.tperiments conducted on 
was one of some importance, as it shows what a difierence may exist bl 
tween the action of a poison on animals and plants. It was the trial i 
cobra poison, which, while it is most deadly in its action on animal life, doi 
not appear to have any influence on the vitality of the plant. The auth( 
says that " from these facts it ia manifest that poisou of the cobra, thou( 
so deadly to aniniitls, is not at all poisonous to Droiera, yet it causes strol 
Rod rapid inAecUon of the tentacles, and soon discharges all colour from tl 
glands." Indeed, he seems to think that in some way or other it acta u 
stimulant to the protoplnsm of the plant. 

Another point which Mr. Darwin has investignted, and with atnoj 
results, is that of the direction of the inflected tentacles. And though fa 
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has perfanned manj expenmeBts on the mlgeety and kat iDqimcd iato the 
mode in which a rtimnlant is made to tzaTel, jet ^ire do not think he has 
idded yeiy much to our knowledge on the inhject. His (or lather his 
ion's) dnwing, which represents a leaf of Droterm with its tentoctes in- 
folded over a piece of meat, is an admirable ilhutfadon. It shows the 
whole process so much better than words can conrej it, and to our minds it 
is exceedingly like a sea-anemone that had just grasped a small crustacean. 
Well might the author saj, ^ We might imagine that we were looking at a 
lowlj organised animal seizing prej with its arms," and, further on, that 
^' the case of the Drosera is far more interesting [than the motion of ten- 
drils], as here the tentacles are not directly excited, but receire an impulse 
from a distant point ; neverthdesSy they bend aeeuratefy towarde tkit pomC 
With regard to this yery interesting process, the following attempted ex- 
planation is offered by Mr. Darwin : — " About the mechanism of the move- 
ments and the nature of the motive impulse we know yery little. During 
the act of inflation fluid certainly trayels from one part to another of the 
tentacles. But the hypothesis which agrees best with the obeerred facts 
is, that the motive impulse is allied in nsture to the aggregating process, 
and that this causes the molecules of the cell-walls to apjnroach each other 
in the same manner as do the molecules of the protoplann within the cells, 
so that the cell-walls contract But some objections may be urged against 
this view.'* After some further remarks the author truly says, " We see 
how littie has been made out in comparison with what remains unexplored 
and unknown." 

Mr. Darwin describes with the utmost minuteness his numerous experi- 
ments on some of these animal feeders, and it is perfectiy astonishing to see 
the number of flies which a single specimen of some of the plants observed 
by him have captured. And the reader must not suppose that they are 
simply captured insects. They are regularly digested. The plant closes on 
them, and they are thus killed ; and it is not till the whole of their soft 
parts have been dissolved and absorbed that they open, and thus reject the 
excrementitious matter. Thus it is that certain of these plants are pro- 
vided with such imperfect roots ; they do not require food supplied through 
the roots, because they are able jto obtain a quantity through the multitude 
of insects they captivate. '' There can hardly be a doubt,'' says the author, 
that these plants '^ have the power of dissolving animal matter by the aid of 
thor secretion, which oontuns an add, together with a ferment almost iden- 
tical in nature with pepflin ; and that they afterwards absorb the matter 
thus digested. This is certainly the case with Droaera, DrosophyUum, and 
Dicnaa ; almost certainly with Aldrofvanda, and, from analogy, very pro- 
bably with Itoriitda and ByliU, We can thus understand why it is that 
the three first-named genera are provided with such small roots, and that 
Aldravanda is quite rootless ; about the roots of the two other geuera nothing 
is known. It is no doubt a surprismg fact that a whole group of plants 
should subsist partly by digesting animal matter, and partly by decomposing 
carbonic add." But Mr. Darwin instances as remarkable a fact in the Animal 
Kingdom by pointing to those peculiar rhizocephalous crustaceans which 
are aboolntdy destitute of an alimentary canaL 

Wa CUBioi toQeh on any of the author's obserration^ cm >^<^ \|,v:tc>^ 
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riiiyiiKula, whkh fti* of extreme value, but we most now conclnda Bm 
imperfect notice af tliia Mr. Dnnria'a tnte»t Inbunc : and while wa think Mm 
moat heartUj tor ^ving us so admirable a. book, we oon&iB that ha hw kit 
opened up a vast field wherein future natunlista viaj ri»p rich liiiiridiif 
experiment and obaerralion. 



TYNDALL ON LIGHT AND SOUND.' 

TWO new editious of these splendid though in h certBin eraisc tAtsaalari 
Tolumea are now before us, and demand a word or two in nnl 
their author'a efibrla at improremeDt of his former laboun. The bcnkdl 
" Ught " is of course very much as it was in the fiwi edition, becatiM to 
depattmeut of Phyiics, to which it belnnp's, there has not b«en ttrj 
done to advance the science. Still, howecer, it has centun festuM if 
novelty. For exitnipie, there ia the Appendix, in which are to be fbtai 
three brief addresses by distinguished AmericHns, whiob, thuujh »barl,Hf 
nevertheless eloquent and to the point. The portion omitted fra< 
present edition is the reply of Dr. Young to the Edinbiu^li " KeviewsM." 
This was introduced into the former edition, which wns really an .\bii 
publication, and it has served the purpose for which it wu originnily |iiib> 
lished. Hence it losesits place in the work nan* before us, and in it( 
is an admirable engraving of Dr. Yuung, wbiub has been well exacnied tf 
-Mr. Ad]ard, from the painting by Sir T. Lawrence. 

It is in the "Sound," which iaa woik nearly twice tbe site oflhafo 
and which is in its third issue, that the most remarkable udditiou bM* 
been made. Since the second iagao the author has been canTtDST tluM^ 
(for the Trinity House) a very remarkable s<>riea of experiments, ud faf W 
been ted by these to the formulation of certain doctrinea which he t^inl 
definitely concluaiTe, On tliia point Profes'mr TyndsJI hae been diree^U 
variance with the coucluaioos already drawn up by the Light-houae B 
at Wiishington ; n circumstance which is somewhat unforlunUa, i 
though, as it seems most probable, Profe^or Tyndall is clearly in Uie rigkL 
It is on this account, doubtless, that the author enters at inch length inU 
the discussion of the entire question. And from a perusal of the ftsM^M 
set forlii by Dr. TjndsU, it would certainly appear thst be is deariT w 
and the Americans inaccurate in their account This neems so bat. 
fact, which is particularly dwelt on by the author, vis„ that "the wboM 
have often manifested an astonishing strength when the sea waa of ghM? 
smoothness. On days when the echoes were powerful [ have m« 
southern cumuli mirrored in tbe wavelass ocean in forms aliDost w ilaUb 
at the clouds themselves. By no poasible application of the law of ind 
could the echoes from euch a sea return to the shore : and if we (KCtfil 
moment a statement which ProfeMor Henry seemi la endoiw, that ti 
waves of great intenuty, when they impinge upon a solid ota liquid n 




* " Sis Lectures on Light, delivered in America in lB7:J-73,' 
TyndaU, LL.D^ F.R.S. Second edition. And " Sonnd." B* 
doll, LL.D., FJH.S. Third edition. London : LongDUBu, 1S7& 
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do not obey the law of incidence and reflection, but ' roll along the surface like 
a cloud of smoke/ it only increases the difficulty. Such a cloud, instead of 
returning to the coast of England, would in our case have rolled toward the 
coast of France." It will be seen from the above that Professor Tyndalfs 
case is clearly and strongly put before the reader. Time alone will tell what 
result it may have on the expression of opinion in America. The other 
parts of the book are equally valuable if not of so absorbing interest 



INSTRUCTIONS FOR THE ARCTIC EXPEDITION.* 

HERE is a vast and most valuable work, specially prepared for the 
Expedition which left our shores a few months since, and which, we 
doubt not, will well repay the expenditure which must have been made 
upon it by the Lords Commissioners of the Admiralty. It extends to 
more than 850 pp. of large 8vo, with numerous illustrations intercalated 
with the text, and it is divided into two distinct parts. The first division 
has to do with the instructions that were given to the several investigators 
who are sent out in the present Expedition. The second, which covers over 
750 pp., consists of a vast series of papers, collected and arranged by Pro- 
fessor Rupert Jones, F.R.S., and Professor W. G. Adams, F.RS., and 
having to do with every possible branch of science which can in any way be 
brought to bear on Arctic matters. lilnally, we may state that the entire 
work has been brought out — and most successfully it seems to us — under 
the charge of Professor R. Jones, F.R.S., whose labours must have been of 
a moet exhaustive description. And this must have been especially the case 
from the extremely short time allowed to get the work through the press 
from the period when it was first begun. On this account the reader will 
naturally excuse any slight errata he may observe, and he will pardon the 
manifestly incomplete character of the index, which, had time permitted, 
should have been a most full and exhaustive one. Indeed, on this point we 
think the editor should even now be permitted by the Lords of the Ad- 
miralty to produce an elaborate index, for there is nothing more requisite to 
insure the usefulness of the volume. 

So far as we can see, the information that is laid down in these instruc- 
tions is the most valuable and concise that can bo conceived. The astro- 
nomical observations are placed first in order [alphabetical we suppose], and 
they include Notices of Eclipses of the Sun in 1876 and 1877, by Mr. J. K. 
Hind ; Suggestions for the Observations of Tides, by Professor Haughton ; 
Pendulum Observations, by Professor G. Stokes ; and Observations on the 
Detection of Meteoric Dust in the Snow, by Professor IL Roscoe. These are 



• ** Manual of the Natural History, Geology, and Phvsics of Greenland 
md the Neighbouring Regions." Prepared for the use o^ the Arctic Expe- 
iition of 1875, under the direction of the Arctic Committee of the Royal 
Society, and Edited by Professor Rupert Jones, F.R.S. Together with In- 
structions for the use of the Expedition. London : Eyre & Spottiswoode, 
1876. 
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followiid by remarks on the use of magneUtal insUiunents, by ] 

Adnma snd CaplmD Essna, Meteorolojfy is divided between Mr. B. Safr ' 

Hud Pmfesaor Stokes, tlie Utter baTing given some noteE on AoTOntl obn'- 

vationa. Electricity is taken up bj' tiir W. ThomKon. wlio give; Tilutblr 

[vice coDCemin^ the mode in nhich atmospheric elertridtj i« to b« <i^ 

rved nnd recorded. Optica is divided between Professor SUibee, who Mb 

)w observfttiona are to be mnde on the spectrum of tbe sun nnd of iIh 

Aurora, Mr. Spottiarcoode, who has to do wiLb the polarisation of Uffct, 

and Mr. J. N. Lockver, who gives instructions on the ose of the *pecti»- 

scope. L'Edet Ihe title of '' Sliscellaneooa Information," Dr. Rae diUtM m 

enliui! Qialter in ice, though bis views do not quite accord with thoss «( 

other observers. Indeed, on tbls interesting point the Trader can do Ddthiiv 

lii-lter than carefuUj peruse Dr. Walker's adjnirable ice-tobavTvalioas, wbizb 

I'epublisbud in the ".lounial of the Royal Dahlin Sodoty," leao, »d 

to be found in tbe present volume, at p. 640. In concloHoo, ire un 

niention Dr. Tyndall's observatioos, -mbich are of considerable import. 

The Bir.Iogical portion of the "Instructions" firat include Zonl(?v. 
Under this heading we liare papers by Dr. A. Giinther on collectiae fpw- 
luons of mammalia and tithes, and making observations thereon; on lit 
cetocea, by I'rofpssor Flower ; on the birds, by Dr. Sclater ; ou the inolln**. 
by Mr. Gwyn Jeflreys ; on tbe collection of hydroids and polyaon. Hid us 
the uiethod at using the towing net, by Dr. Allman ; and, finally, on* ofite 
best papers is that by Professor Huxley, which contains Bupptpuii-Dtatf it* 
sti'uetions, and gives some useful bints as to modes of obtaining unwall 
forma, which otherwise would have been overlooked. Dr. J. D. Huokef bi 
sole charge of the botanical instructions, and no one could have been •eiedfd 
more thoroughly qualitied for the task, and he lias availed himaolf of th 
experience of Dickie and of Archer in parUculat departnienls, and thai malt 
bis portion of the instructions most valuable reading. Lastly, tJic g«d>l7 
and mineralogy baa been hi-ru done by Professor Bnmsay, Mr. Eran^ Vn- 
feasor Maebelyne, and Mr. J. W. Judd. These portions ore well iUunUiUdi 
and cover nearly IB pp. with excellent advice to tbe student. It will be 
seen that up to this we have been only considering the subjects of adrics I* 
the students who are to follow out tbe several departments. Bendw tbi>i 
there are about 7S0 pp. of articles on tbe ?arioas subjects connected wiik 
Arctic discoTcrj. To enumerate these, merely giving the title* of thi 
several pnpere nnd tbcir authors' names, would occupy nearly as msoy ptgiM 
as we are accustomed to pve to our entire reviews — i.c-. about 10 pp. U k 
therefore, alone requisite to state that all an of interest, and that sum* U 
the moat old are unquestionably some of the best papers in Ihe volumr. 
conclusion, wo must express our opinion tbnt our nation owes its ihoioufb 
gratitude to tbe men who have at such a vast labour given their BodivldsJ 
experience for the immediate advantage of our polar navigatotf. anil, thfW- 
fore, in tbe end for the benefit of our people. 
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VICTORIAN ORGANIC REMAINS.* 

n^HE f«00Dd decade, like the first, noticed in a previous number (Popitlar 
-L ScDSNCE Review, April 1875), is varied in its contents and interestingly 
as containing a continuation of the more characteristic fossils of each forma- 
tion, of which good specimens are preserved in the national collection st 
Melbourne. The plates illustrate fossils of different geological period(>. 
The decade includes a new species of Squalodon, from the tertiary sands of 
Cape Otway. a genus of carnivorous whales, hitherto only found in the 
Miocene tertiaries of Malta and Bordeaux, two species of Carcharodon from 
Geelong, also found in the miocene of Europe. Three plates illustrate S(»me 
Mesozoic coal ferns, of which one, the Pecopteris AustraHSf is considered by 
Professor McCoy to be allied to, if not identical with, an oolitic fern from 
Yorkshire. Some curious forms of Cypraa are described from beds of pn*- 
sumed Oligocene age, difiering in character from the usual living and 
Pleiocene species of that genus, but somewhat resembling the one figured in 
Count Strzlecki*s "New South Wales." Also two tertiary species of 
Trigonia, a genus hitherto only known as abounding in the Mesozoic strata 
and at present in the Australian seaSf *' but the complete absence of which, 
in the intennediate tertiary periods, in all localities examined, was looked 
upon by geologists as a most curious exception to the general palseonto- 
logical law of the distribution of genera in time — an exception we can now 
lemoye." (Preface, p. 6.) Further illustrations of the species of graptolites 
from the gold-field slates are continued in this part, all of which (with one 
exception, the lUtioUtes AudraUs, McCoy, from the Upper Silurian) are 
identical with examples of the same species occurring in rocks of the same 
age in Scotland, North Wales, Bohemia, and North America. The critical 
determinations of the fossils by Professor McCoy, made during the progress 
of the geological survey under Mr. R. Brough Smyth, will not only be of 
importance to the colony, but of much interest to the European and Ameri- 
can geologists, as enabling them to observe the resemblance or difference of 
the fossils in strata of presumed similar geological age in the Northern 
hemisphere. 



AMERICAN GEOLOGICAL SURVEYS.t 

IHE reports of the different geological surveys become more important 
and interesting, as showing the annual progress made in the explora- 
tion of each State, not only as regards their physical features, geological 
structure, and agricultural character, but also as to the distribution and 



T 



• " Prodomus of the Palaeontology of Victoria." By Frederick McCoy, 
F.G.S. Geolojrical Survey of Victoria. Melbourne : 1875. 

t " United States Geological and Geographical Survey of the Territories, 
embracing Colorado." By F. V. Ilayden. Washington: 1874. "Bulletin 
of the same Survey." No. 4. Second Series. 1875. "Fifth Annual 
Report of the Geological Survey of Indiana." By £. T. Cox. Indianapolis : 
1874. 
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modes of (ifcniTenM nf th» Tuious economical subclances met nilh i 
ihe work of Ihe avrrej. TbU is well shown in iLe elaborate report nf d 
lenitories, embndiig Colorado, bj Dr. F. V. Harden, enilMdyiog tba 
reuilla of the expforatioii for the fear 1873 b,v himself snd tiu (wUcagua, 
ud addiog aDOthet raluakle contribution to our kaowled^ of tlie gt^ 
gt^b;, geology, and uatiml histot^r of on iaterestiog partiuii of the irmted 
Stale*. In fact, tbe publications coouecled with tbis aurvey «dc« iU easr 
menoement in 1867 already (txta a lai^ library of works relating; tn ibt 
various branches of natural history of iboee parts of tbe region wliicb hot 
been surreyed. Fully iUiistiated with maps, sections, and plates, tU> 
TcJiime contwos the geology of the east slope of the Calorndo ranfte of tin 
Itocky UoUDlains, of the Uiddle and Sonth Park divisions of the State, id 
a report, by Mr. Undlich, on the mining districts of Colorado, with a cali- 
logue of the minerals and the geology of St. Luis, in which district ocean 
distinct varieties of granite, forming the hi;;her porlinas of tbe eucteni «ip 
of tbe front t«ngw, and is putiatlj' covered by voluunic rocks in the easleiii 
nnd nurlbem half of the disinct. The I'ulieoxoic rocks are fairly tepr»- 
sealed, the Carboniferous bein^ well developed, showing (Treat unifnnnily in 
the groups of strata. X widx gap now follows, but the cretaceous abab 
are welt defined, followed by tbe doubtful lijniitic bed*, which seem " to be 
uf ao age which can p»l«ontolc^cstl; be referred neither to the cretaoeooi 
nor to the t«niar;r." and above these an> the tertiary, diluvial, and alluvial 
depoaita. The second part contains an imporlant chapter, by Proftesot 
Ivesquereux, on the lignite formations of the We*t, in which he atiU ni 
tains their tertiar; cbamcter, and refers theui. from personal eianiinatiun ai 
the localities, to four periods— Liwer and Upper Eocene, and Lower and V pper 
niiocene — and describes under each group the altinities of tbe plants with 
those found in tbe Arctic, MiasisaippI, and European floras of either Eootne 

or Aliocene age. The same part contains a report on the TerlebrAte pi 

tology of Colorado, by X)r. E. Cope, from the formationa which Kpt«««nt 
the cretaceous and tertiary periods. The third part is devoted to n descrip- 
tion of the collections of Inverlobrsta made during the survey of 1873, 
chiefly by Lieut W, L. Carpenter. The Inst part includes the gMgnphy 
iind topography, by Messrs, Gardner and lisnn^tt, with a list of the etav^ 
tinns of certain datura-points on the grent lakes auit rivers and in the llnck; 
Moiintnins. The " Bulletin " contains aomu interesting note* by I)r, Ifayden 
on tlie surfnco features of the front range of the I[i>chy Muuntainf., whicb En 
the eastern ranges present a great variety of forms renulling fruni i 
due portly to the ellects of tht; glodal period and thti subsequent combtned 
action of water and ice : but it is posMbIc that the great Hncky Mountain 
range was outlined in form for back in the pa*!, prhaps evrn during Ihe 
carboniferous period, though it received vast additions during tbe crctanma* 
and tertiary epochs. l*rofeeaor E, T. Cox's repoit ia a contiimalion of the 
progress of the survey of the diflerent counties of the ISti 
prefixed a report on the iron and co&l mining u exhibited in 
Exlubilion. 




THE CRETACEOUS FLORA OF AMERICA.* 



AMON'G the other valuable result* of the United StsWa Geological Survey 
of the Territories, uiiilur the churge of Dr. F. V. Hayden, ia the m(]ni'>ir 
b; Professor Lesquereux on the nature and character of the foa^l ptanta 
obtained from the cretaceous Dnkotn ^roup. This division, l;ing nt tho 
base of the cretaceous aories, forms a most important liulc in tbe physicnl 
hietorj of the vestem portion of the contineat, containing as it does one of 
the early proofs of the introduction on the earth of a Teg^tntion allied ta 
our fruit and forest trees. The formation has a vast ^eogrnphical extension 
both north and south, from tlie aO" to tho 47" of north latitude, but the 
cliiuf fossils obtained flam it have been found in the eastern portions of 
IvnnsHs and Nebraska. The interest connected with this flora, lirst noticed 
by Dr. Itayden in ISd-t, and belonging to a lower member of tbe American 
cretaceous formation, is that it preaeuts a tertiary facies, dilTering essentially 
from the usual Meaozoic flora of cycnds, ferns, and conifers, in containing nu 
abundance of dicotyledonouB angiosperms; for, of the one hundred and thirty 
recognised species, only twenty do ttol belong to that division of plsnts. 
Considered as n whole, aays Profesflor Leaquereux, most of the lypoa of the 
Dakota group related to those of our present flora represent a moderate 
climate, like the one prevailing now between the 30° to 45° north latitude. 
The vegetable types more distinctly characterised by their leaves, and which 
are recognised by all the paheontologists — Siili.r, Phtanus, Sataafras, Aralia, 
Mngaotia, Liraodendron, Menitpermum, Ithus, Sc. — are ail co-ordinate to 
identical climatic circumstances, or to the aame average temperature which 
governs at our time the vegetation of the latitude indicated above. All 
these types are, therefore, present in the North American flora, some of them 
with scarcely any alteration of forms. Professor Lesquereux remarks that, 
on account of the deliciency of materials for comparison, there is little to 
say on the relation of the Dakota group flora with that of any of the creta- 
ceous groups of Europe; still there is suiHcient to prove with our present 
knowledge tbe truth of tbe assertion that tlie flora of the Dakota group, 
without affinity with any preceding vegetable types, without relation to the 
ilora of the lower tertiary of our country, and with scarcely any forms refer- 
able to species known from coeval formations in Europe, presents in ila 
whole a remarkable and, as jet, unexplained cause of isolation. Geologists 
must thank Pmfesaor Lesquereux for this important contribution to Palaao- 
bolany, not only for the detailed description of each species and the careful 
illustration of their forma on thirty well-executed plates, hut also in bringing 
before ns in a clear and interesting manner the character of the land vegeta- 
tion of tho cretaceous period in Western America, so a.i to contrast or com- 
])aTe it with the terrestrial floras of the synchronous period in Europe, and 
thus assiating us to restore in part the extent and nature of the land surface 
bordering the old extensive chalk sea, whether in some cases it was low 
islands or low shores, or in others bilb and dry lands upon wtuch tbe trees 
grew. ^ 

• " Contributions to the Fossil Flora of the Western Territories." Part 
I, "The Cretaceous Flora." By Leo Lesquereux. Washington: 1874. 
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THE UIBUS OF MISSOURI.' 

THIS ^ork on the ornitholog]' of the Missouri region it &notlieT resoll id 
the Geolojpcal Survey of the Territories under the charge of Dr. F. V, 
Ilajden. The author, Dr. £. Couef, hfu heen long enga(!«d on the eubject, 
and the basie nf the prewnt Tolume in mainly an uopubtiahed report, pre- 
pared in 18G2, on the collection of birds made by the naturftlitU of tin 
expedition under CeptaJD noynoldR, m well as that obtwned in prerinia 
eiplorationa conducted in ISoO-fi" in the region of the Upper Missouri and 
Yellowstone Hirers. This work of nearly 800 pngea is not a mere catalc^e 
of birds, but contains a ■very complete synonymy of the different apeda. 
with references to the obscrrationa of previous authors, and to the expedi- 
tions when the birds were obtained. The habitat and general distriliiitiiin 
of each species, and the course and period of their migratJonE, and tbeii 
nesting and wintering, are generaOy indicated. Be^des which, then if i 
critical examination of the various nominal species and varieties establiihed 
upon conditions of immaturity and dependent on climatic variation, igood 
example of which is found under the description of the hairy woodpediM, 
page 280, and of descent, with modification, under the grey-headed moo- 
bird, page 143. Interesting and instructive accounts of the haUts of aonia 
birds ore frequently introduced, such as the Missouri skylark, the dsy- 
coloured sparrow, blue jaj, yellow-billed cuckoo, burrowing owl. llu 
physical features of the Missouri water-shed are somewhat various ; mucli oF 
the westtim portions are mountainoua, and extensive areas are cut up by llie 
tnauvauet tetTM, 01 "bad lands." It results from these physical condicmu 
that the avi-fauna is not rich ; there is no single species absolutely confinid 
to it, still several abundant and generally diffused species may be said to bo 
characteristic of it. The great number of species treated of in this volume is 
due to accessions from both the eastern and western faunal province, «s 
well as those apecies of general diffusion over the continent, as most Jiaplont 
and IiammelUrodra. The genera are arranged under their respeetivs 
orders, and many copious and valuable notes from the observations of 
Messrs, Trippe, Allen, Gentry, and others enrich the volume, so as to render 
the work not only useful to European naturalists but to American ornitholo- 
gists, as forming a baud-book to the ornithology of the region drained by 
the Missouri River and its tributaries. 



GEOLOGY OF MISSOURI.t 

11HIS report, by Mr. G. C. Broadhead. of nearly 800 pages, is of a 
practical cbarnctisr, and contains the result of the field-work in 
State of 1873-74. The plan for the past year having been lo look after thow 
items of the greatest interest and economic value, and to present the facts 



' "Birds of the North-west.' By Dr. E Coues, United States Oe(>- 
logical Survey of the Territories. Miscellaneous Publications, K 
Washbgton: 1874. 

t " Report of the Geological Survey of the State of Missouri." By G. C 
Broadhead, State Geologiit Jeffeisoii Citj: 1874. 
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the aimplest fbmi, io as to be eoalj ondezatood by tbe genenl reader. w« 
are thus pieaented, under each of the counties surveyed, with their phyacal 
fentures, the genenl and economical geology, the minerals found, the nature 
of the soils, the timber, the Tarioiis mineral iipringn. and the supplies of 
water. Tbe chief geological formations of the State, besides the •icemrenre 
of gramte and porphyry, are of Palaeozoic age. inciuiiinjr the Silurian. De- 
vonian, and Carboniferous strata ; the Mesoxoic rocks dii not appear to be 
represented, the more recent or quartemary accnmulariiina beloueing to the 
drift, bluff, and alluTium. The Missouri coal-deld is «Mtimated nt about 
23,100 square mOes; the upper measures, about ^^.000 square miles, are 
mostly barren of coal, or only contain an occasicnal seam too thin to pay for 
working. The extent and character of the coal formations are more fully 
treated in each of the county reports. Besides a great amount of informa- 
tion embodied under the respectiTe counties surveyed by Mr. G. C. Broad* 
head and Mr. Norwood, the latter half of the volume contains an elaborate 
account of the lead and zinc regions of the Central and South-western 
Missouri, by Adolph Schmidt and Alexander Leonhard, giving their general 
characteristics, and special descriptions of the ores and associate! minerals, 
their mode of occurrence and nature of the deposits, and of the mining ami 
8inelting of them. There is also a report on the iron ores of South-eastern 
Missouri by Mr. Moore, of the history of lead mining by Mr. Cobb, and *i( 
the lead mines of Upper Louisiana by Mr. Austin, and of the chemical w.>rk 
and analysis done in connection with the survey by M. Chauvenet. Tbe 
work is further illustrated by ninety-one figures of the deposits of ore, and 
an atlas of maps and coal sections of the counties explored. 



THE SCIENCE OF L.VXGUAGE.* 

I^HE international scientific series of works which has been commonced by 
Messrs. King and Co. is, so far as we have seen the books, unj^atir^fiictory 
on the whole. We think there lias been an alienee of scientific judgment 
in the selection of some of the subjects, and we might odd also of some of 
the writers. There are, in the entire set of works which have Wn issued, 
very few which have a real value. Unquestionably, however, ttomtt of the 
books have been excellent in character, and we wish we could sav the siniie 
for the volume under notice at present Profdssor Whitney has, we believe, 
written an earlier and a better work on the subject of language; but 
assuredly he has in the present instance done, we might say, nothing towards 
producing a book which in any way gives a proper idea of the Huljject. It 
is simply ludicrous to observe the manner in which he apologiiM^h to his 
readers for want of space in which to place his ideas fully before theni. 
Why, the book is nothing more than ''words, words, words.'* It aHiiun^dly 
is worthy of its title in so fSsir as it simply illustrates '' tbe growth of 



• "The Life and Growth c* •» Dwight Whitney, 

Professor of Philology in T "'G* 
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Ungiiatie." Tbe aulhoTliiuteucb aobtolerable How of words, audhumoilr 
of esprewion is ho long, ingla&d of being terse And brief, that at leiact htit 
of the present work \g occupied with long-winded scnteoees, which aanti 
rery little ^ignilicjuice. Then, while he evidently desires to huTC hu (ub- 
ject styled a Science — ob it unquestion&biT should be — be utterly ontiu 
everythiog like a scienUGc method in his leaching. For instance, he ploiipi 
at onco into the lorj midst of his subject, instead of lending hia reader on, 
Btep bj' slep. We must coufeag to an uttei dialika of ProfesKir WhiUic; 
U a teacher, for to ua he seenis alike to want both cleameM of eiprEBMH 
and scientific melliod of putting hii focU together. One of the best dupint 
in the present work is that on local and class Taciation of language — in fact, 
dialects. In this he sbowA tUu mode in which dialects are fonned, and Li 
ohiervOA with perfect juaUce, that nianj of Ibe so-called Americaniams oul 
Irishisms are ainipiy the older forma of the English tongue itaelf, wtudi. 
while still extant in America and Ireland, bave died out of the EnglUb toil 
The other chapters are toul enttmhie unsHtiafnctoiy, and with this exprevicD 
of out views we close this notice. 



A MANUAL OF BEE-KEEnXG.' 

MR. niHs'TER hns done a good worlc in giving this lillle book to thi 
apiflrioD. Itu has told us in something over a couple nf huiidrpd psgi* 
evervthingwe require to know as an amateur bee-lover. The author i* llii 
honcrarj secretary of the British Bee-keepeio' Association, and ta therefon 
not only thoroughly familiar with the natural history of the Bee, and nitb 
the diOerent vnrieties wbicli have hecn introduced into this country, but he 
is also familiar witb the various processes that have been adopted in llie 
mansgenient of the hive. To be sure, as the author observes, hia book ii 
not to he compared witb that of Langetrotb ; but then the purchaser viil 
remember that the price is four times as much as Mr. Hunter's little work. 
There is nothing that telntcs to bees and bee-keeping that does not tind * 
place in thi» small book. First we have ample information on the lobjocU 
of litres, Supers, Ekes, and Nadirs, Feeders, Queen-cngee, Bee-house*, llw 
JIoney-exti'Bctor, Drone-tcaps, Guide-combs, quieting bees, driving, nat4utl 
and artificial swarming. Queen -breeding, Ligurian bees and ibe luode of Lign- 
rianisiog an apitirv, transferring bees and combs to an apiary, remoting 
supers, robbing, feeding, pollen, ventilation, &c. Then there t'omee a aeries 
of chapters on stings, the method of removing bees, the pasturage fur beei, 
the " disenses " and enemies of these industrious little creatures, on coiuli^ 
draining honey from them, on the uses of honey and the preparation of wax i 
and the book ends witli three chapters on propolis, profita, and a calendar 
which tells you what you are to do with your bees as every month goes hj. 
The most interesting cbaplei-a in the book are ibe first, which treats of tha 
natural history of the honey-bee, and wliich is ot value, notwil 



* " A Uanuol of Bee-keei»ng." By JoLn Hunter, Hon. Sec. British Br« 
keepers' ABsociation. London; Uanlwicke. 1675- 
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that the author opposes Sir J. LubbocFs well-established rietrs oa 
points ; that which deals with the subject of hlFes ; that on drones aad 
traps, which describes some very simple modes of getting rid of the dreM«« 
which are larger in size than the workers ; and, finally, that on pastura^ for 
bees, which shows that bees may well be kept, even in busy 
lady having kept many hives in the neighbourhood of K ens in g t o n. 



GAXOT'S physics; 



WE think that Dr. Atkinson was quite right in his detenniiialk« fo 
translate this more popular work of Professor Ganot rather thaa t^^ 
attempt to render the EUments de Physique simple enough for the hcImv^ 
pupiL The present work is in great measure a translation of M, Oaw^''^ 
Cours iUmentaire de Physique^ wiUi, of course, certain additions and ahwa* 
tionp, which commended themselves to Dr. Atkinson. It is cwtainhr a» 
admirable work, and it is what our English books — with the exc«pti<«i «>f 
I^ardner and Deschaners, which is also a translation from the FWoch— ^1 
fail in, very excellently illustrated. We have looked through it, and l^^ 
think the author's clearness of stylo has been thoroughly maintained by tll<^ 
translator. Of course the book is in no way to be compared to the A^mmtf*^ 
still it is most excellent as a handbook for either the medical student ivr f«\r 
the candidate for matriculation at the London University. *' Companja^mA 
are oderous,^ of course, but we must certainly say that, on the whoY^ ^ hi)^ 
M. Deschanel's book was in the hands of the English student, M, Oaii<M 
might have been dispensed with. In any case, however, it has it^chet) % 
second edition. 



SOUTH AFRICAN HYDROLOGY.t 

ALTHOUGH we fear that this book is not likely to find numeri>ua i^Nider^, 
yet it is certainly worthy of being largely read. It is a work on whi^h 
a considerable deal of thought has been expended by its author in iwxl^r t^ 
prove oonduaively the immense necessity which exists at the Cape tent tlie 
Government to take in its charge the management of the fim^t dii^tri^'t. 
Dr. Brown has, in our opinion, conclusively shown, by a wide and \ ai^M 
argument, that the immense drought which now exist» fVom time io time In 
South Airica is caused by the absence of forests in certmin looalitiMk AmA 
if further evidence were required on this subject, it is to be fiwiid in Uie 
testimony which has been supplied to the French Acadenij Vf 
officers whom it has deputed to investigate and report on At 



* '^ Natural Philosophy for General Readers and YouBvP 
lated and edited, from Cranot's Cotirs HimefUaire de ' 
son, Ph.D., F.CJ3., Professor of Experimental Sdea 
Second edUioiL London : Longmans. 1875. 

t *' Bjdsolojgj of South Africa, and Causea of 
J. R. Blown, LL.D. London : King k Co. 
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dfeil, tbure nio iiiatij ciiuputent autbarities who assert that tbe recent j>*in- 
fully disastrous floods thsc have liappened in the South of Fr&actt would 
have never occurred hail the upper districts been properly dad, as thei 
were, with litrge veg«tAtion. This book of Dr. Broivn's abows at dutij 
tbat such waa tbu ctiae in Suuth Africa, and that the result fans been a c 
amount of itridlty of the soil which will not, he opines, be remored lill 
some attempt to re-clothe the ground with large vegetation is made. 



PHUEXOLOGY.* 

THIS is a book thnt we are surprised to Bee beating the noma of Long- 
mans as its publisher. It la one written by a man who ia etidusllT « 
" Professor " of Phrenology, nod who is ignorant of anatomy. It u tomt- 
thing better than most bookd of its claas, but it ia not by any mmm t 
scien title work. 



SMITHSONUN REPORT.t 

A S usuaI, the 6r«t part of ihe P^port ia occupied with tb» buninen 
-tX reports, monetary mattera, &c., of the institution. But the IslUr 
half of the volume is tilled with a series of memoirs, some of wbicb ur n! 
extreme interest and importance. And iirst, we would call attenttaii h 
the splendid memoir of Air. II. Oilman, on "The Uound- builders ud 
PUtycnemism in Micbit;iui." Perhaps our readers may not know what 
PlatyniemUm may signify. We shall, therefore, ssy that it refers to tfc* 
habit among ancjeat racaa ot American Indians of llnttening the tihiii, o 
leg-bone. And on the remaina of thia interestiu'^ group Mr. Oilman give 
ample information, his remKrka being illustrated by severnl eiplsnsloiy 
w>>od-cut9. Other papers of considerable interest and importance are thoN 
on "Aga^sii," and un ''Cbatles Bahbage.*' There is, too, a reprint from 
Thr (London) Acodemij of a capital paper hy Professor IlelmholU, on " Tie 
Connection between Electricity and Magnelism." Dr. Dalton, too, 
tributes a noteworthy essay on "The Origin and Propagation of Diteue." 
Other articles in the volume are, "On Warming and Ventilating Buildingt," 
by M. A. Morin; "The Leipsig Museum ot Ethnology," by Herr 0. T. 
Mason; and a mathematical paper of interest, entitled "Additions to ft 
Memoir on Methods of Interpolation applicable to the Graduation of Irre- 
gular Series," &c. 



* "The Skull and Brain: their Indications of Character and AnatomioJ 
Relations." By N. Morgan. London : Longmans. Id75. 

t " The Annual Report of the Board of Regents of the Smithsonian Initi- 
tution for the year 1873." Washington, U.SA.: Government Printiiur 
Oliica, 1874. [Though dated 1874, it did not reach us till after tha July 
No. of the PoPDLAK SciENCB Rbvigw waa issued in ld7o.— Ed. P. S. R.] 
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SUPPLEMENT TO WATTS'S DICTIONAEY* 

TTERE ia a Bupplaoient to the vftlunble dictioDftry of Mr, Henry Watlfl, 
XJ. F.R.S., and when -na observe that it is the second supplement to that 
work, the Don-chcniical reader will possibly imagine thnt it ia n not veiy 
important Tolume. But we must point out to all such that the present work 
11 a most Vftlufible aa well as a huge production. It is really the work not 
only of the Editor, but also of Professors Armstrong, Foster, and EoacoB, 
Dr. H. N. Martin, and Mr. R. 'WarringtoQ, And these gentlemen have 
given ua over twelve hundred large 8ro pages in Bmall type ; in fact, they 
bavo brought the work down completely to the end of the year 137'2, and 
have incorporated many of the more important results made known in the 
years 1873 and 1874. It would be out of place here, as, indeed, it would be 
almost impossible, to contrast the nuthora' labours. Each seeais to hare 
dona bis part well, and we observe that the language ia clear and to the 
puiat. It was, of course, not to be expected that all the writers would have 
held the same ideas as to theoretical questions, but there is a general accord- 
ance of opinion expressed, which is extremely satisfactoty. The articles 
which strike us as of most interest and value are those on the " Conf titution 
of Benzine," and on " Chemical Action.'' We think the type should have 
been more distinct for the titles and sub-titles; as it is, there is sometimes 
difficulty in saying which ia which. 



SHORT N0TI0E8. 



"Astronomical and Meteorological Obserrations made during the Year 
1872 at the United States Naval Ohaervatoty." By Reai^Admiral B. F. ' 
Sands, U.S.N. Washington; Government Printing Office, 1874.— This it a 
huge 4to -volume, of a series of reports of interest to astronomers. The 
observations have been made with the Mural circle, the Transit circle, and 
the Equatorial. 

"The Bfth English Reading-book." By Thomas Turner, F.S.S. And 
"The Fourth English Reading-book.'' London; Simpkin & MarsbalL — 
We suppose that these two elementary schoul-booka were sent to us because 
tliey contain short sketches of the life of scientific men. We think them on 
the whole good, though they are escessiTely elementary. 

Sach'iSotnny, — Mocmillan, 1875. We regret that our continued notice 
of this work, which was partly reviewed In oui last number, has been un- 
avoidably "crushed out." 



* " A Dictionary of Chemistry, and the allied Branches of other 
SL-iences." By Henry Watts, B.A., F.R.S., F.C.S., assisted by eminent 
ootttributors. Second supplement. London; Longmans, lS7fi, 
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JSTSOXOMV m the Arabian yight/.— in tl 
-^ (AaguBt, 1875), Mr. G. J. Walker aajs: 



le " AttfODomical Repttt' 
iraajs: — " Wlule eompiriiig likSj 

the Boulak edition of the ' Aiabian NighU' with Lane's excellent t 
tjon, I noticed for the &tst time the faUowing passage occurring in the 75fit1) 
night: 'Filria the "Weneer of the kingot Ejfypt answared, "We Trowbipllie 
sun, and prostrate outselves to it." Aeaf therefore replied, "0 Wntfr 
F&ris, veril;, the aim ia a slar, of the nuiaber of the Htm cicaled b; Odd 
[Inna al-ahams kaukab miDJamlat al-kanakibal-makhlukatlillalii] (WluK 
perfection be extdled, and wboae name be exalted !>, and far b« it ben 
being a lord ! for the sun appeareth at times, nod is absent at tiiuei, and mn 
Lord is always present, n^ver nbsent, and he is able to pffect Bverythinf -"' 
(Lnne, iii. pp. 311, 313,) If it may beTeaaonnblj assumed that thiMe AuMB 
tales have bean circulated in their present form since the commeDcsDical (^ 
the sixteenth century (see Lane, iii, p. 730), the abore hqoIo^ bi 
snn and atara is rather intereating. Those who in Cairo and elRvko* 
listened to or read this passage had, so far, more just viena of the uunM 
presented to them tbon probably most of even the oducated cODtcmpondy 
inhabitants of Europe for a long time entertiiined. It will be RmembnJ 
that the unfortunate Giordano Brnno, in bis work published in lo01,inu 
tnined that each star ia a sua about which ploncCstevolve; but the aeqnAi 
this tale ia more pleasant to think of than the fate at Bruno, for we End th 
the Wejeer Fdiis finally ' embraced al-Ielam, be aad they who wne vU 

On Mr, JJe la Jitie't Tdeieopt in the Neu> Oh*ervafnry at Oifori.—}ix. \H 

la RuD Bold in a recent paper read before the Royal Astronomical Sodl^d 
London : " It may be of interest to the Fellows of oar Society to knov d 
the instruments which I presented some time back to the Umraali^ 4 
Oxford are now placed in porition in the New Observatory erected faylh ' 
body in the Park Tbeso inatniments comprise my IS^nch refieotieg iqi 
toHnl, used by me, first at Cauonbury, and lastly at Cranford i ■ Kaith 
nItaKimuth with a 13-inch speculum; a polishing maohiue, wiA n^ 
appliance necessary for poUshiug both parabolic and plane mirna; \ 
ahu Faucault's apparatus for tasting mirrors. In all thesu uo fonrisl 
changeable 13-incb mirrors, two of metal polished by myself, oat uf ^ 
hvSteuilie)l,an&oa<iof ^iiea\i^ ^iltv. OtorTationa ore now btiiy n 
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by Professor Fritchard, to enable me to make the very minute final adjust- 
ments of the equatorial. While making observations for the preliminary 
adjustments I inadvertently used my left eye, and was surprised and de- 
lighted to find that I had recovered perfect vision with it, the granulations 
in the centre of the retina having disappeared/' 

The Johnson Memorial Priu. — The Trustees of the Johnson Memorial 
Prize for the encouragement of the study of astronomy and meteorology 
propose the following subject for an essay : — ^ The History of the successive 
Stages of our Knowledge of NebulsB^ Nebulous Stars, and Star-dusters, 
from the time of Sir William Herschel." The prize is open to all members 
of the University of Oxford, and consists of a gold medal of the value of ten 
guineas, together with so much of the dividends for four years on 336/. 
Ileduced Annuities as shall remain after the cost of the medal and other 
expenses have been defrayed. Candidates are to send their essays to the 
llegistrar of the University, under a sealed cover, marked '^ Johnson Memo- 
rial Prize Essay,'* on or before the 31st day of March, 1870 ; each candidate 
concealing his name, distinguishing his essay by a motto, and sending, at the 
same time, hb name sealed up under another cover, with the same motto 
written upon it. 

Discovery of New Planets (147 and 148). — The " Astronomical Register " 
(September) publishes the two following letters : — 

"Vienna: July 16, 1876. 
" In the night of the 10th to the 11th July I noticed in a constellation 
of stars with which I was familiar, a faint little star of the 12th magnitude, 
the distance of which from A. Oe. 2,061 °/l I estimated at about 13h. to 
be + 3s. and + 3', but I did not succeed in taking an observation, properly 
speaking. On the following morning I was enabled to establish that it is in 
truth a planet. As yet I have obtained the following position thereof: — 

1876. Vienna M. T. R, A. app. Decl. app. 

July 11 12h. 69m. 23s. 20h. 19m. 22-78s. - 17° 29' 63-6" 

„ 12 13h. 66m. 66s. 20h. 18m. 3G06s. -17° 31' 62-8'' 

„ 13 12h. 49m. Os. 20h. 17m. 6307s. - 17° 33' 47-0" 

Magnitude 12-0. 

The Director of the Observatory, Professor Carl von Littrow, has been so 
good as to select the name * Protogencia ' for the planet. — L. ScnuLHOP. 

By M. Pbospbb Henbt, of Paris :— " 1876, August 7th, 12h. 60m. M.T. 
PariB; R. A, (148), 22h. 89m. 3s. j N.P. D., 101° ll'-6. Hourly motion, 
-1-88. + 36". Mag^tude 10-7." 

Studif of the Solar Surface, — At the recent meetmg of the American 
AjBSodation, Professor S. P. Langley, of Alleghany Observatory, detailed 
some of the conclusions at which he had arrived after years of study of the 
Bolar surface. Professor Langley first showed by comparative experiments 
that an absorptive atmosphere surrounds the sun. Little attention has in 
recent years been paid to the study of this atmosphere. The earlier efforts 
to tabidate its absorptive power, produced with different observers, though 
men of eminence, strangely discordant results. Their methods and deduo* 
ti<ms were given in detail. Secchi's results, making th« W^V^WoxVyA ^\ 
the edge of the sua about half the brightness ot t\i^ tw\\.xe^^ct^ ^^^tw^ 
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near the fact. Frofessoi Langley applied well-kaown photometric methndi 
to theproblem. By attacking a (urcle of cardboiicd to the equatorial lete- 
scope, H Bolai' image la received oa the board, plainlj sbowiiig ipoU, 
peDumbne, &c., if the image be one foot in dinmeter. Fiom holes in Udi 
cardboard pencils of raya iseue, which being caug-bt on a ecreen gin t 
second scries of images. If tlieiie imageH are cauglit upon separate minon, 
instead of a screen, their relative light cim be made the subject of con- 
pariiK)n with that of a di^c of flame from fiunsan's apparatus, and Hiaitij 
their relative intensity determined. Between each aperture and it« raspec- 
tive mirror a lens was interposed which concentrated the pencil o( mj* 
By suitable additions this apparatus can be converted to a Rumford photo- 
meter, and in this form it proved most available in Professor LangieT'i 
bonds. He found a value for the brilliancy of the umbra in stuMpots 
conaidembly higher than that hitherto computed. The blackest unilin,li« 
finds, is between 5,000 and 10,000 times as bright ea the full moon. Thft 
light of the sun is absorbed by its atmosphere not in the same, bat in i 
greater proportion than its heat. A long series of eiperimeuts ahomtliM 
not much more or less than one-half of the radiant heat of the tun ii 
absorbed or suSera internal reflection b; the atmosphere of the sun ilieE 
Observations indicate that this atmosphere is (speaking coraparativel;) 
extremely thin : Professor Langley is inclined to regard it as identicid nith 
the " reversing layer " observed by Dr. Young, of Dartmouth, at the bus at 
the chromosphere, though the chromo^pheric shadow should peihi^ !» 
taken into the account. The importance of a study of this ahsorheal st- 
moaphere becomes evident if we admit that the greater part of tha (00° 
which separate the temperature of tho temperate zone from absolute unit 
principally due to the sun's radiation. To this atmosphere new mstLn Is 
constantly being added and taken oway by tbe continual changes of the 
interior surface. Any alteration in the capacity for absorption — ny t 
dilference of 26 per cent., which could hardly bo recognised by obseTiilian 
— would alter tbe temperature of our globe by 100°, The esislenca ol lift 
on the earth is clearly dependent on tbe conataucy of tbe depth and absorp- 
tion of this solar envelope. Hitherto we have cbielly confiDed ciJculationi 
to the diminution of solar heat by contraction of the sun's masa — an opeit- 
tion likely to go on with great uniformity. But here is an element of fw 
more rapid variation. If changes in the depth of this solar envelope m 
cyclical, they would he accompanied by cyclical alterations of the earth's 
temperature. This may serve alike to explain the characteristics of variablS' 
stars and the vast secular changes on earth indicated by geology. Iftheliv 
of alteraUona in that envelope can ho ascertained, new light maybe shed oa 
tbe histnry of tbe globe and the near fature of life upon it. 

Chnngeg m Indian Obaervalones. — The " Astronomical Register " (Angusl) 
understands that Government n-ill, in all probability, sanction the tr»islet 
to Simla of the magnificent set of astronomical instruments now in cbaigt 
of Colonel Tennant at Roorkee; and also tbe establishment at the fonnec 
Btation of a permanent observatory, under tbe direction of the gentleman 
whose observations of t)ie transit of Venus at Roorkee eUcited so much 
ndmiration. 
Diameter of lAe &'uh,— From a lU'^cussioa of tho Oiecawich obsorvatioiit, 
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1836*1870^ Dr. Fulig obtuiu, « AitroiL Nach.;' 2,040, .^ ^'*99 m Um dia- 
meter of the son deduced from 6,827 xneamements* 

Tke 2V— nif of Vmma mm finom F^km. — Mr. Watsoo, at one \>f th« Sep- 
tember meetingB of the French Actdem j, reed a long and intereetittg ]Mper 
311 the oheerradoDS of the Transit of Venus made at l^kin station* of which 
lie was the dued The question of the atmosphere of Venus, and the dilB- 
colty of determining the exact time of real contact were examined at fUU 
length. M. LeTerrier expressed his decided opinion that the determiuatiou 
of the parallax of the sun by this method was useless unless some uuex« 
pected serrice should be rendered by photography for solving the difficulty 
raised by Mr. Watson. Mr. Watson tried to discover to what height the 
atmoephere of Venus was liable to cause optical disturbances by itsillumiua- 
tion by the sun, and he found it to be fifty-five miles, about l-70th the dia- 
meter of the planet — See '' Nature,*' September Ilk 

Death of Professor tT Arrest, — '' Silliman's American Journal " says that 
Professor Heinrich d' Arrest, of the Univeruty of Copenhagen, died on the 
14th of June, in his fifty-third year. The most important of the labours i»f 
this distinguished astronomer were the construction of two catalogues, thu 
one of nebulflB observed by him at Leipzig, the other of nearly :),()00 nubuhe 
observed by him at Copenhagen. For these ob8or\'ations the Itoyal Astiin. 
nomical Society of London awarded to him thb year their gold medal, 

Americans Loss of an Astronomer, — It appears tliat Jomipli W'iuloek was 
bora February 6, 1826, in; Shelby County, Kentucky. (Jrmluatlng in iHifi 
at Shelby College, he afterwards held the profcssorsliip of Miitliematlos hiuI 
Astronomy in that institution until 18«'>2. The remainder of his life wss 
passed chiefly at Cambridge, Mass. ; but he spent some months at the U.H. 
Naval Observatory in Washington, and for more than a year was at tliu 
head of the mathematical department of the U.S. Navnl Academy at Anna- 
polis. He was twice made superintendent of the American KpheniuriM, 
finally qmtting this office in 1800 to take the pijst u( I'hillipN I'roftMSijr u( 
Astronomy at Harvard University, and in that capacity to serve as J)irect4ir 
of the Observatory. He held this office at tlie time of his death, June 1 1, 
187d. His last illness was short, and did not ap|iear dangerous until ft few 
hours before its termination* 

Tke next JRetttm ofEncke*s Comet, — ** Nature " of K<r|iitfr(iilH»r 10 says th.ii 
^ the appearances of this comet at nearly tm-year inti^rvaU \nlH\ U, J Hlt^l, I h'.ih, 
1848, 1868, and 186S took place under circunistanc^ wUkU were imtftt </r 
less favourable for observation in this hemieph^re ; th^M oji$4iiumM, U'fW- 
ever, will not attend the enstnng nrtom U} p«rnk4;U'/fi, wlkh, with iU*s m^-.m 
motion found by Dr. too AjvUn for 1^7^, Uf^'^U:ciifii/r iIm; kuudi effect of in-t- 
tnrbation, would occur al^rat the 27tb *A July, l>i7>i ; mA if ilts imiU iit tint 
heavens be calculated im this wmimyi'ifm, it wjJl a^ptrsr tbat oUtznaii^H** 
will hardly be pcsctkabk ex^Krpt la iLe «</t;tW» iMrmi^^ttt iu Au'/*iti. 
The nearest ^proach to this tnvet U that whkh tl/i; iMt*ei {'Aif/Wk4 iu i^iff, 
when a few obtemtioQS oblr w^rn; ^\Aju5jfA wiih ^l%^Ky at Ujmmp H'/isk- 
ingtoD, and Philadelphia. Witit r«^»fd t/^ tJU ^.'tt^ at |urtMrhiWO" 
the length of this OM&et's yaofA auuo« tJLe ^kta MU, wlim Urn p 
was fiat detoded, it msj be nmurluA Uint tJk X'A^eti rrrtviim 
ftoB ldl2-46^ whidi «it«kded tu li^ir^ 4a>fe, mA <U fimMi^ 
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TV Xtw Fmut JijBiif Oh ueafa fy kas had IL Jabsmo tfpointed to be 
is» G^TCEKE. IVaVdriB tke paitun u wort^j merited, bat we doaU aot 
tksffe vm icoK MSPjoaaaea m Fui* wko will oot think witli the Gorem- 



IriJk Oimnttimm m L^mUi .SCml— A AcoBao of the elemente of tlia 
€B%m ^ r CxoBSF. r Ophivhi. 7 Lecoik C Aqsarii, sod 96 Andromeds^Vy 
Psi I>:«ecck. cf Cornel Cooper s OhKmtovT. Mukiee, forms Pirt 19 of 
ToL xxT. cf tkfr ''^ TnomctkeK of ^e Boial frith AcademT." Dr.Dobeick 
easpk*js the giaphBcil method fumiumd bj Sr John Hezechd, which bas 
hecB fo gcoeEaDr applied, at least ia tibe eaz&r part of the woriL Cce- 
rectka c€ the ippR.zimata eL i UMiit* thas ohcuaed hj eqaations of OGoditioD 
will Ifftd to atsktesoffT lanlsi where then are reliable ctagle epodtf, or » 
mfficMst B^smher of ccaivxaoaf onee^ to esabie ns to foim nanaik It 
mar be quenskeed ^^echer the addiiioaal labour of ^^^^""^f**^** wludi some 
of the nelhv^ds of cakslatiB^ djahb rtar ofbita that bare been pnpoted 
neceaarilT iaTolfe, is rewarded br moee mtiArtorr recolta that cu be 
obiaiDed br the afplicadcn of Hoxfael'a giaphical piooeM in the fint 
iiwtaiMy, loftlowiDp npbr eqaadont of eooditioa. 



BOTAXY. 

A peemiiar Fym^m /Mmiim m Wkie -taf JW.— ** GiaTillea " giret a kog 
aecoimt of a spedei fcmid in an Indian ant-4iill, and it famishes the lepoit 
made npon it br Dr. D. Canninsham, who mjs: **I herewith letsn 
the letter sent to me more than a month ago. along with ^wdmens of fsfigi 
said to hare been procared from, the interior of a iriiite ant-hiO. The 
specimens apparentlT belong to some species of LepiotA, and are dieJJ 
remariable fcir the extreme leagth and coarse fifatoos contents of the atea. 
The occuirence of f ongi is connectioa with ant-hills b well known, but ia 
so far as I am aware those hitherto described as occorrimr on the lulb of 
the white-ant belong to species of the GastercmTcetoos order, iWsjnsa^ » 
that the occurrence of a species of ooe of the sub-genera of Agariaa is isch 
localities is a sew and interesting hex, WiUi regard to the 0*^^*^*^ fivn 
which thej arise, and which most apparentlj be of the same nature si the 
so-called spawn cf the cnltirated moshroom, consisting of regetaUe d^bni 
permeated bj the mjceliam of the fungus, it mar be noted that a siouisr 
substance is described bj Belt as occorricg in the nests of .the lea^cuUio^ 
ants of Nicaragua, and is supposed bj him to serre as food — the anti coHis; 
and storing the leaves for the sake of the fungi which are subeeqacntlj d<- 
Teloped in the debris. {*^ Naturalist in Nicaragua,** pp. 80L) Were this spi^ 
artifidaUr exposed to oonditions amilar to those whidi it natursUj re* 
ooonters in the interior of the hillocks — heat, darkness, and mcdstuxe—I 
^^diere that the pilei might Terr probablT be raised at will, and if ther 
1II7 are good eating the experiment would be well worth trring.** 
n» Fhn of Imdia,—^Tht Academj** sajs that the first Volume of Dr* 
lolwa ^flon of ladia^ is the principal contribatiQQ todeacriptiTe boCsut 
'bt putliit Jf" T^vtu^wwdLXhal^a^gBeatiyBMdedyaa we powrt 
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none approaching completeness on the vegetation of the country that is 
probably richer in vegetable products than all the rest of our dependendes 
put together.' The present volume contains comparatively little that is abso- 
lutely new — that is to say, descriptions of new genera and species; but its 
chief value is in being a compendium, so far as it goes, of all the plants 
known to grow in the country, written in English. It contains the poly- 
petaious families from the Ranunculacese to the end of the SapindacesB| 
embracing descriptions of 442 genera and 2,250 species. Dr. Hooker's 
''Student's Flora of the British Islands" has been followed in the style and 
arrangement of the matter, which has caused a considerable saving of space, 
as compared with similar works. Several botanists have contributed to the 
present volume -, but even with the united labours of half-a-dozen contri- 
butors, the completion of the work cannot be effected in less than as many 
years. The species number from 12,000 to 14,000, scattered over an area 
of 1,500,000 square miles, representing every variety of climate. 

The CltcmUtry of Phormium tenax. — ^Professor S. Church has worked 
this out, among various others that he has written upon in ''The 
Journal of Botany.'* He says: "The two reports on the chemistry of 
Phormium tenax which I have addressed to the Flax Commission of New 
Zealand contain many points of interest in connection with this subject. 
These reports will shortly be published in the form of an abstract, but in 
the meantime I may select from them the following curious observations as 
to the effect of water at a high temperature on tissues containing lignose, 
and on the indifference of cellulose to such treatment When pure cellulose, 
prepared from cotton as just described, was boiled for twelve hours with 
distilled water, it gave up no appreciable amount of organic matter to the 
water, which did not acquire an acid reaction. Even in a sealed tube, at a 
temperature maintained at 150° C. for four hours, water was almost without 
effect on cotton. But with Phormium fibre a small quantity, about 4 per 
cent, of an acid yellow extract was obtained even by simple ebullition with 
water at 100° C. ; while at 150° to 160° C. water causes so great a change in 
the material that it dissolves in quantities amounting in different specimens 
to 19, 24*4, and even 33*3 per cent of the dry fibre taken. The nature of 
the products formed has been in great measure investigated, a kind of sugar 
and an acid body occurring amongst them. But the point to which I wish 
now to direct attention is the test which water at high temperature affords 
of the presence or absence of the so-called secondary deposits. We know 
that lignose is coloured yellow, brown, or red by strong nitric acid, and that, 
in the purest state in which it has yet been separated, it is richer than 
cellulose in carbon by about 10 per cent. But the employment of water 
under pressure and at different temperatures above the boiling point may 
enable us to take a further step in this inquiry, and to ascertain whether 
lignose is a mixture or a homogeneous substance. And we may then liope 
to obtain by other methods of research some insight into its chemical con- 
stitution and its physiological production." 
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A iW-e Lextrmfrom Ae AMm cfDkutase m SianA has been neentlj 
deacribed bj M. BondonneMi (in the ^'BolL Soc. Ghim." IL zziii. 96). A 
Uogram of drj staich, diffused in two litres of wmter, was treated in tk 
cold with an extract d 250 grams of bruised malt in 600 giams of wtter; 
the whde being heated on the water-bath to 75^ until the starch had d» 
appeared. The liquid was then carried to boiling to destroj the diistue, 
filtered through aidmal charcoal, and concentrated to d2^-id3^ Baam^ To 
free the dextrin in this solution from the glucose (dextrose) present, it wm 
fiirstrepredpitated five or six times with alcohol, then treated with a ooffpa 
test made with cupric chloride and sodium hydrate ; this latter treatment 
destrojing the dextrose. As thus obtaiuedy the dextrin showed no col(u^ 
ation with iodine, gave (mly feeble indications with the copper teat (eqni- 
Talent to 1'85 per cent dextrose), reduced gold chloride and ammoDio- 
alrer nitrate, gave an abundant precipitate with a solution of barium 
hydrate and witii anunoniacal lead acetate, but none with lead sub^oetite. 
llie dextrose present the author believes to be produced by small qoantitiei 
of non-coagulsble albumindds present, acting as ferments. By care tad 
rapidity in operating, dextrin may be obtained devoid of redudng pover. 
The rotary power of the dextrin thus obtained is t^'^lT^* to the rigbt; 
that produced by torrefaction being q; » 183^. 

A Smbdance m tMe UrUe after taking Chioral Hydrate, — ^In a late nofflber 
of the *' Comptes Rendus,'* MM. Musculus and De Merm^ have pablidied a 
paper on this important subject They say that foreign substances introduced 
into the human organism are rejected in states which may be ^Tided 
into three groups : — 1. Bodies which pass unaltered through the STStem, 
such as creatin, acetamid, &c., and are found unchanged in the urine. ^ 
Bodies which are decomposed, and whose decomposition products are fouud 
in the blood, the saliva, and the urine, such as leudn and glycocoU, which 
yield urea. 3. Bodies which combine chemically with some product of 
the organism, and thus pass into the urine. The type of this group v 
benzoic add, which combines with glycocoll, and is eliminated as kippunc 
add. In the urine of dogs poisoned with chloral hydrate, Feltx and Rtttff 
have recently discovered chloral, sugar, and another oiganic substance pre- 
dpitable by the basic acetate of lead. It ia an add which forma atelltf 
groups of crystala resembling those of tyrosin, and containing — 

Carbon ... . . 31-60 

Hydrogen 4*36 

Chlorine 26-70 

It is not expelled from its salts by acetic add. At the boiling-point H 
reduces alkaline solutions of copper and bismuth, and salts of silver, and 
decolourises sulphate of indigo. It turns the plane of polarisation to the 
left The authors bold that chloral should rank in the third groap with 
benzoic add, and propose for the add found the pronsional nsma ^ 
urochlozalic. 
INk w HcoXtK ond Biaeoae^'llNAa mYSi^a&.t. tnhlect has been lat^ 
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•xploied by Ur. A. 11. Smee, who road a paper on it before the Chenvic&l 
Society on ona of the last eveoinga of the Bcsaioo. He found that, although 
iniUi Ukon from herds of cowa eihibila great uniformity in compowtion, yet 
the milk from individuRl coira U liable to considerable variation; moreover, it 
18 possible for good averngo milk to be ■watered to a limited extent -without 
detection. He observed, also, from a compai'ieon oftbe milk from cows fed 
on otdinary meadow grass and on gmss from n se^vape farm, that in the 
latter case the milk went putrid after thirty-aix hour?, and the butter 
became rancid rapidly compared with that made from the milk of cows fed 
on ordinary meadow grA£s, ThcBc edecta were more apparent in Earing than 
in the latter part of the summer. On three or four occaaioaa, also, he 
noticed that when the milk uf cows fed on sewage grass was placed on a 
dialyser, the casein passed through the membrane, from which it would 
appear that the casein existed in these milks in n modified form. lie then 
proceeded to notice the outbreaks of typhoid fever which had occurred at 
various places owing to sewage water having been used to cleanse the dairj 
utensils, or to reduce the quantity of rich milk to the lowest standard 
allowed by law, showing how important it waa that there should be a 
supply of pure water to every dairy. Moreover, milk which had been 
exposed to sewage-gaa from an untrapped drain, although on analysis it 
appeared to be unaltered in cumposition, yet when distilled at a low tem- 
perature (lOCP F.) it yielded a distillate which had a very offenaivs smell. 
It also caused intense headache, which was followed by diarrhiea. He also 
examined the milk of cowa sulTeriDg from foot and mouth disease and from 
milk fever, and thought that the methods employed by Public Analyst! 
were not sufRcientlj delicate to detect the slight phyuological change* 
which may take place in so complex a fluid as milk. 

A .Vel/iod uf modifying the E-rphiiwaeu of MetAi/1-nifrate.—Tbu suV 
stance, which has caused the death of Dr. Chapman's distinguii-hed soD, 
has been recently eiperimentcd on with a view to render it harmless. M. 
Oirard, who has been employing it largely for the production of colours, 
has made some experiments with it with this view. He finds, for ex- 
ample, that melhyl-nitmte, like nitro-glyoerin, detonates by a blow ; a drop 
on blotting-pnper producing, when placed on an anvU and struck with a 
hanimer, an explosion quite osTioleut as nitro-glycerin. When mixed with 
pulverulent or porous substances, such as precipitated silica or infusorial 
earth, it yields dynamites fully as effective as those made with nitn>- 
glyeerin. By admixture with other liquids, however, such as methyl^ 
ethyl, or amyl alcohol, acetone, beniol or toluol, Girard finds that it is no 
longer explosive. One part of methyl nitrate diluted with two or three 
parts of either of the liquids above named does not explode either on 
heating its vapour or by a blow. In such solutions, therefore, it is beat 
kept for ilw. 
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GEOLOGY AND PAL^iajNTOLOGY. 

The Ceraiodiu .- a Fo*iii, and not a Foail.~Al one vt Uiv iwcnt wU- 
ing8 of tbe AcndeiDj of Science of rbilndelptuA, ProfeaBtv l,(idT aid 
that, " Of certain specimens presented lo ito Acndoiny, one of tL»» ii • 
specimen of tliu Ctralodu* Forstrri, from QiieoneUorl, prpseiited by Ih.J(4» 
jielisBrio, of Sydney, AuBtnlin, tLcougb Dr. McQuillen. The fltb >• i 
repreaentntivc of the Dipnoi, or double -breatbers, like tb« Lepidudmn, Udi 
provided witb both lungs and gills. Tbe genua was Inog tgo ttsoA 
by Agnssiz, from isolated teeth found in the Triaaac and Jununc rocii "( 
Eitrope. Tbe C. Forsleti whs discovered only a few yeKra since, Hid m* 
referred to Ceralodus by Dr. Giintber, from tbe near rewmblaacc uftlu 
teeth of the tish to tbe fossils described under tbnt ^une. AneiW 
specimen, presented by Dr. S. C. De Vesy, of Willi am Blown, DsupUii Ou 
VtL., appears to be n filling cumpAniiin to tbe former. It conidslt of • ^•f' 
ment of corI shale, from tbe coal mines of WiUianslown, tritb an iinpt^ 
sion which loobs ns if it migbt be ihat of tho tail of a relatiTa of tU 
Ceratodus, or of a huge tadpole. Among the many enigmatic impiMMi 
occuring in tbe conl shales, is better defined than osnal. It ii^iaclii* 
long and G inches at tbe widest part. Toward tbe upturned end of tkt 
epecimen there are many strongly impressed conical pits, looking « if lit* 
duced by pvomiuent scale-like appendages, in ibe interspaces of whieb i''"' 
are many minute impressions of tbe same form. Tbe character of tlufw 
is very uncertiun ; it may be that of a batracbian or tish allied to ('cnl'Mlii^ 
The coal period is well cbaracteriied by abundance of remains ofUilh fc)^ 
of animals. Ferbaps, bowerer, the imptciaioa mny be of vegetable ao^^ 

Annent Cam-drvtUingn iit Kfntiaky.—Hii. F. W. Puiman fin ill* «iW 
annual Report of tbe I'eabody Muieum of Ethnology, IS'S) remarks : "IW 
some of the caves were used ae places of, at leasl, teniporKry teriilMicent 
concluaivdy shown by my eiploroiion of Salt Cave, which prorcs Import**! 
in retejiling a new phase in American arcbwology. This cave sppwtfc" 
the Mammoth Cave in Ibe sije of its avenues and cfaambers. Thtoiip- 
out one of the principal avenues, for several mile», ware to be VnoA Iw 
ancient fire-pUw^s both for hearths and lights. For tbe Ultrr purpotr, «*" 
pilesofstones were mode with a bole in the centre of the pile loTccoinflil 
bundle of dried fsgois. perhaps amoared witb grease, Bundle* of ^>* 
fagots, Ued up with twisted bark, were found in KVernl place* tn thsV^t 
and conereeils, probably tbe tcmaiiu of ancient torches of llie *■* 
chorncter with those found in tbe Mnmmolb, S^hort, and Grand .\ttiiii< 
Cavea, wore also very abundant. Tho most iinportaul dliiooverj la ll* 
cave, however, was made in a emnll chamber, about three milei fbu ^ 
entrance, flrtt noticed by my guides, Messrs. CulUp and Lee. On tli* ^ 
soil rf the florr were to be mxn tbe imprints of the NUidaUed feet of Hx 
former race who had Inliabiied the cive, while a large cumber of cail^ 
sandals were found, nenlly made of ilnely-brnnded and twisted leaTH " 
rushes. 

'iqual;t IVunomeua of South Ilaig. — "Tbe Anodcoij " itfs IW 
ludying the cMttv^iwiift ^^^eI^(Ila5^^s.^A%»4.'0tl^'•l^^PBlf«B«Si* 



n pxpcT on ILii subject Iiefure the Vienna Academy of Sciences. 
a commanicalion lie describes the geological structuie of Sicily and 
k ftontbem part of the Italian peuinsula. lie concludes that the older 
'' B of this district, ivJth the patches on the western coast, are tc be !»• 
1 as a contJnuatioD of the Alpa, while the western side of ths 
WninsuLi represents a vast airear of subsidence. He rccogntsea three 
fJasses of oarthquake-shDcks in Sicily and Calabria : namely eruptive shoeke, 
tvfaich have their centre in a Tolcnno, and sfTect only the immediate 
neighbourhood ; riidinl shocks, which radiate from the volcano in deliniU 
lines ; and peripheral sbocliB, which appear to have no immediate relation 
'writh avolcano. His observations sufficiently show the connection generally 
«ii8ting between volcanoes and earthquakes. 

The Paliiffoniaii Coal-Jifldi. — We learn from " SiUimann's American 
Journal" (JuDe), that on the Temnsula of Brunswick, in the Stmiti 
of Magi.>UHa, at a plnce called Vnqueria by Cnpt. Corey, rich beds of 
c«al bavc been opened. The place is not far from the Chilian colony of 
PunU Arenas, lat. 53° lO" S. and long. 70° «i' W. (from Greenwich). Thfl 
Chilian Government has conceded it to a French company. A detniled 
Teport has been published by M. F. Amol, civil engineer. The coal is 
Tery compact, block, inflames easily, and bums without odour. There are 
three beds having an a^egate tliickncss of about 30 fuet. The age of 
the beds is not stated, but oa the coal is spoken of as related to the lignites, 
it is probably Tertiary or Mesoioic 

I 

^^^JnUttintd Secretion. — A report was presented to toe British Association 
^H|f Dr. Brunton and Dr. Pye Smith. Ths report detailed a number of 
^^^Xperiments which the committee had undertaken, and which were con- 
sidered to prove the absence of influence on intestinal secretion through the 
splanchnic nerves, the pneumogBstricB, the sympathetic above the diaphragm 
or the spinal marrow; and the probable inSLiunce of the pitnglia contained 
in the solar plexus, though certainly nut of the two scmilunnr ganglia ex- 
clusively, Also the independent occurrence of haemorrhage and of poralytio 
secretion appeared, in the view of the committee, to point to a separate 
Dervous induenco on the blood-vessels and the secreting structures of the 
inleetinea. They also obaerved the occurrence of vomiting after Eection of 
both splanchnics and va^. 

Oh the rraervntion of Anntoiuical Frqmratimtt. — Dr. Seaemann, of St 
Petersburg, gives an account in the last number of Reichort and Dii Boia 
lleymond's "Archivfur Anatomie, I'hysiolngie," &c., of his eipericnce in 
the use of preserving soUitiona for anatomical preparations, which may be 
of some interest to zoologists as well na anatomists. 

Tkn Dincocerer of Antr<ithftia. — " Silliman's Journal " of July says that 
a bronze statue to Ur. Iloraoe Wells, of Hattford, Connecticut, " the di»- 
coTerer of anmsthesia," who died nearly a quarter of a century wnee, will 
Boon be erected in Hartford. The statue is by the sculptor, Truman II. 
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Ilnrtloll. The State of Connecticut RppTopriated five tliauEand dollm 
towardfl the niomiment, nod ihe city of llnrtford an equal amoanl. Tht 
expenses of tbe pedestal of the etatue, wbicb sliould nlso be of brooie, m 
sat met by these appropriRtione, fmd funds are solidled of the public by tbi 
committee of the Hartford Medical Society, of whom Dr. E. H. nimt.nf 
TTaitford, ia chairman, and Dr. Q. W. Kuseell, of the aame city, IrMsimr. 
llr. Wells "wns the world's benefactor." 

Value of Atropine in Opitim Poisoning. — The •' I.ancet " of July 2-1 fn 
that in a report of tbe Chinese HoGpital at Sbanghu, recently publiebf, 
we ftnd that the medical ofBi-er of the Institulion, Dr. JohnstoD, qMiii 
almost rapturonsly of the value of tbe eubcutaueoua injection of atropine in 
opium-poisoning. During the last ten years upn-atds of 600 such cu«id( 
poisoning (nearly all suicidal) have come under hia own obsetratiaD, tiity- 
two having been recorded last year. Many of the moat despemle mm 
rallied and recovered under the treatment advocated. The lose of lib 
annually in China from tbe abuse of the drug must be appalling. Opiun- 
amoliers to the number of 3G0 were treated in the hospital in 1&'4, bat lt« 
experieoce and reaulta obtained were not encoureging, and Dr. JohoMD a- 
presses hia opinion that it is a hopeless toali to reclaim the confirmed (f itB> 
smoker. 

Iiiflueaee of Feeding over DeBelojmteat of Body, — lu the COUIW nf bli 
addrosa to llie Briiish Asaocialion on Anthropology, Dr. RoUeatone, F.It.S>, 
made some interesting observations on this subject. Putting aside ipecal** 
tion, he said wa placed our feet on firm ground when we say Uwliii"!! 
savage communities the chiefs hare a larger share of food and other com- 
forts, such as there are in savage life, aud have consequently hctter and 
larger frames — or, as the Hev. S. Whitmee puts it, when obsening on tb» 
fact as noticed by him in Polynesia, a more " portly bearing-." This (wUitl, 
aa the size of the brain increases within certain proportions with the incRM 
of the siie of the body, ia a material fact in every sense) has been ttftiSri 
to by a multitude of other observers, and is, to my mind, one of the di«1 
distinctive marks of savagery as opposed to civilisation. It is only intioM 
of civilisation that men of tbe puny etataro of Ulysses or Agesjlvit "■ 
allowed their proper place in the management of aflairs. And men ornuk 
physical size, coupled with such mental calibre, may take comfort, if liT 
need it, from the purely quantitat4ve consideration, that large as ire lb 
individual skulls from prehistoric graves, and high, too, as is the amig' 
obtained from a number of them, it has nevertheless not been shown thB 
the largest individual skulls of those days were larger than, or, indeed, 
large as tbe best skulls of our own days ; whilst the high average capaolj 
which the former series shows is readily csplicabie by the very obvioiu 
consideration that the poorer specimens of humanity, if allowed to li("*t 
alt in those days, were, at any rate, when dead not allowed sepulture in ' 
" tombs of the kings," from which nearly exclusively we obttun our 
historic crania. M. Droca has given us yet further ground for retuningist 
eelf-complacency by showing, from bis extensive series of measurementa 
the crania (rom successive epochs in Parisian burial-places, that tba 
capacity has gone on steadily increasing. ~ 
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METALLURGY, MINERALOGY, AND MINING. 



MeltoriUt m 1876,— In h pnper published in the "QeolopiaJ 
Msgaiino" Dr. Walter Flight gives sn account of two recent fiJIs, one ia 
Aueiicft tha other Hungarj'. He says, nn account of a very seneatioDal 
idnd is giveo in the " Dubuque Times " of n brilliaQt tUGteor Tvhicb vaa 
Kea at Iowa City nnd other pointtt of Central Iowa at this dnt«. Itscourae 
■naa from S.E. towards N.W. It had nppurontly about half the diameter of 
Ihe moon, and Tvaa accompanied b}' a beautiful train ; it wa« seen to separate 
into several fiagmetits, and after an iaterval of about tbree minutes three 
ciplosions were distinctly beard. One of tbo fnignicnta of the meteorite fell 
about three milea south of the village of "VVeat Liberty in an open field, 
Mnklng, so it is atated, 15 feet into the ground. Of the 100 kilog. which 
Iinve been found, the greater portion is in the Iowa State University 
Museum; 25 Idlog. have been sent to Paris. Daubri5e traces a reseuiblance 
between this stone and the aerolites of Vouill^ and Aumale. — 187S, April — 
Zeadfiny, Hungary. A preliminrtiy note on tbis fall of meteorites has been 
communicated to tbe Natural History Society by Krcnner, the Keeper of 
the Minerals in tbe Hungarian Museum at Pest. Their descent was at- 
tended with an explosion, and the peasants who were witoesses of the fall 
Btkte that the fragments were cold at the moment they reached the ground. 
Nine fragments, rather smaller than walnuts, were collected, six of which 
■weighing 144 grararaee, are in the possession of the above Society. Tha 
investigation of this aerolite has been undertaken by Wartha and lirenner ; 
the former will subject it to analysis, the latter examine its mineialogical 
characters. It may be mentioned that the atones which fell at DhurmsaU 
in India (1660, July 14) are staled to have been so cold that they could not 
be held in the haod. 

Ob Serpentine Pieiutomorphg nfler MonticeUite, a Lime-viaffneiia Chrytolili, 
— Tbe peeudomorpha described recently in the monthly notices of tbe 
Academy of Berlin by Her Vom Rath are from tbe Pesmeda Alp, on Mt. 
Monzoni in tbe Tyrol. The syenite, dioryle and "augitic greenstone," 
which constitute the Monzooi peak, come up through limestone (of the 
Triaasic formation) which is in part crystalline; and tbU hmestone con- 
tuns many crystallised silicates near its junction with the other rocks, viz., 
faasoite, veeuvianito, gehlenitc, garnet, spinel, &c. In a high ridge adjoin- 
iDg the Pesnioda Alp, at a height of about 3,503 yards, the limestone, near 
its contact with " augitic greenstone," affords crystals of the form of 
monticellite, along with others of nnorthite, garnet, and spinel. Tbe monti- 
cellite crystals, aome of vrhich aie two inches long, are all changed to 
serpentine. They occur mixed with fasaaile, and with a hlackiah green 
Spinel which ia also in part serpentine. The colour ot the pseudomorphs is 
light brown, yellowish, and occasionally whil«. The crystals within are 
irregular in texture and colour, as is well represented on n plate showing 
magnified sections. Vom Rath gives several ezcallent figures of the 
crystals. Unaltered monticellite has not been found at tbe locality, but it 
occurs massive (Breithaupt's batrachite) to tbe west of Pesmeda and to tha 
south-east of Mt. Monioni, near tbe junction of the limestone and syenite. 
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Tbis mawive kind is oxtern&lly altered. Yarn Itatli also stotca tiul ibi 
li>cnlity of serpen tine-pseudomorphfi affords others of moMlicelliU aittnib 
fisnaite. The crystals are an inch and leu in 8i*e. They hav< 
nucleus of serpentine or calcit«. The fasaaito pseudomotphiam 
preceded the sefpentine. 
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Fa^iert of ttie patl Quarter. — The following papers have been puUiUicd to 
the ■' Monthly Microscopical Joutnal " for the months of July, Augue;, ud 
September; — 
Notes on Bucephalus Folymorphua. By Charles Stewart, F.L.S., Hon. 
Sec. K.M.S., &C. — Measurement of Ang-ular Aperture, By J. W. 
Stephenson, F.U.A.S., Treasurer R.M.S.— Notes on the Uk of Mf. 
Wenham's Reflex Illuminator. By Henry J. Slack. F.G.S., S«. 
R.M.8.— On Dr. Schumaun's Formulsj for Diatom-lincAi By W. J. 
nickie, M.A., St. John's Colle;^, Cambridge. — Number of ^bim m 
the Diatoms on Mdller's Probe-Platt*. By F. Kitton, Norwich.— On 
Bog Mosses. By R. Braithwaile, M.D., F.L.S.— On the Unit of IJatti 
Measurement. By Rev. D. FJwardea, M.A., St Chad's CoUep, 
DensUme. — The Microscope nnd its Miaiuterpretalions. By Jala 
Micliois. — Double Staining of Wood and other Vegetable Sectioni 
By George D. Beat^, M.D., of Baltimore.— On Conjoined Epiihalium. 
By S. Martyn, M.U„ F.K.C.P., Lecturer on Medicine and Pnthologiwl 
Anatomy, Bristol Medical School. — The Microscopic Germ Theoiyof 
Disease ; being a Discussion of the Relation of Bactorin and AUi<d 
Organisms ia Virulent Inflammations and Specific Contagious Yvna. 
By H. Charlton Bastian, M.D., F.R8., Professor of Patholosiol 
Anatomy in University College. — A Modification of Dr. Rutbeilmd^ 
Freednir Microtome. By William James Fleming, M.B., A«>biil In 
the Professor of Physiology, Glasgow University. — On the Originflf 
Life. By Lionel 8. Beale, M.B.,F,R.S.— On the Existence of FUpifl* 
in Bacterium Termo, By W. H. Dallinger, F.R.M.8., ajid J. J. Diy»- 
dale, M.D., F.R.M.S,— A New Mode of lUuminating for High Powco. 
By Dr. Whittell.— The Resting Spores of the Potato Fuogw. J^ 
Worthington G. Smith, F.L.S. 



PHYSICS. 

Action of Magtiele in Oeitiler Thibet. — This has been recently iuvestigaB^ 
by M. J. Chautnrd, who has studied somewhat at length the eftectof i 
magnet on rarified gases enclosed iii capillaiy tubes, illuminated by U hH 
duced current. The gnses or vopouiw employed were li, N, O, CO^Wj 
C^n., S, Se, I, Br, CI, SO.j, SiF„ SnCJ,. Bodies of the chlorine family •<» 
those which gave the most concordant and brilliant effects. An inci«aw^ 
temperature diminishes the action of the magnet. This is shown by alloir- 
\ag the curreat to pass for lome time, when the magaetic ialluence is tnr 
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feeUed or destioyed. The preaenoe of the gas is an important element to 
he oonsidered, as by varying it the current maybe intercepted or the appear* 
ance of the light greatly altered. Similar effects are attained by varying 
the strength of the current, and are most marked when the current is feeble. 
The phenomena are the same whether a Iloltz machine or coil are used as 
a source of electricity, and are independent of the direction through the coil 
or gas. The form of the armatures is important ; they should be plain and 
surround the tube for the greater part of its length. The effect of a single 
pole is slight, or of both poles when more than five millimetres distant from 
the tube. 

Different Forms of Light for lAghthouus, — ^At the recent meeting of the 
British Association Sir W. Thomson and Mr. J. Hopkinson read a paper on 
^< Methods for giving Distinctive Characters to Lighthouses.'^ Sir William 
Thomson read the first portion. Speaking of coloured lights, he said they 
^oold not be of value except for marking a specific direction, and for this 
colour had been the only successful invention. At Ardrossan a ship went 
ashore through a mistake of a light in Ardrossan for a harbour light. There 
^as a red light in an apothecary's shop in Ardrossan, and the pilots had 
told him that they regularly steered in by the '^ light of the doctor*8 shop." 
The greater speed of steam traffic required that light should be seen at a 
greater distance and recognised sooner, and the lights must be more 
powerful. Bapid advances have been made in the English lights, particu- 
larly in respect to their power, but more distinctions were required. Many 
liarbour lights were now confounded with gas. Now there was a blaze of 
gas, and it was, in some cases, impossible to make out which was which. 
The authorities were exceedingly sluggish in making such changes as were 
required in the appliances. The eclipse light, which he advocated, would 
si^ial three lights, which he described as " short, short, long,'' indicating 
the periods for which the light would be eclipsed. Mr. Hopkinson had also 
invented a revolving light, which cost little more than the ordinary revelv* 
ing apparatus, but which would give a double fiash or a treble fiash, instead 
of the one flash of the ordinary revolving apparatus. 

Effects of Stress on the Magnetism of Soft Iron, — Sir W. Thomson read a 
paper at the meeting of the British Association, in continuation of his essays 
l)efore the Koyal Society. In the physical laboratory at Glasgow University 
lie had stretched steel and soft iron wire about twenty feet long from the 
roof. An electro-magnetic helix was placed round a few inches of the wire, 
ao that the latter could be mugnetised when an electric current was passed 
through the former; the induced current thus produced in a second helix 
outside the first being indicated by a reflecting galvanometer. When steel 
"Wire was used, the magnetism diminished when weights were attached to 
the wire, and increased when they were taken off; but when specially made 
aoft iron wire (wire almost as soft as lead), the magnetism was increased 
"When weights were put on, and diminished when they were taken ofll 
Afterwards he discarded the electrical apparatus, and by suspending a piece 
of soft iron wire near a magnetometer consisting of a needle a small fraction 
of a grain in weight, with a reflecting mirror attached, the wire was magne- 
tised inductively simply by the magnetism of the earth, and changes in its 
magnetism were made by applying weights and strains, the chan^ bein^ 
tlien indicated by the ma^etometer. 
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Polaruatum of Light by Sugar: a PtaiUar Effect. — M. MAiunoui ht 
deBcribed to the Fiendi Academy ^see ("The Ac&demy," July 24) 
nf experimenta on inverted sugar, so colled &oin its actian on poUriMl 
ligbt. Cane eugar con^ting of C„H„0„ is ciystAlliaable, nnd ptoducM 
n right -Imnded rotation of polariged lif^ht Inverted supir G(«ted to be as» 
powd of C,H„0^ is not cijsMUiBable, and f^vea a left-bandsd lotMioiL 
M. Maumen^ Ands inverted sugar has no constant couipo«itiOD, bot iii 
mixture of various proportions of glvcose, cbjlariose, and neutnd ngu 
Acting: upon very wbite Norbonno honey with alcohol of 00', then w&m 
the solution to near lero C, separating a. heavy layer, adding ifAter ml 
filtering', gives a fluid which ia easy to eiamine with a saccharomeler ml 
marks zero— it contains neutral sugar. Actinif upon this sugftr irith lima 
water, passing through it n current of carbonic acid, which occnaiona a pun 
blue precipitate of carboDste of lime, and filwriugr, aflbrds a solution tbil 
gives a right-handed rotation of g' to 10°. The substance left on the filter 
was divided ioto two parts, and to one water was added, dissolving the chi- 
lariose and giving a very white precipitate of carbonale of lime. The dcM 
fluid produced a left-handed rotation of 5°, equal to 47°'5 for a volunu of 
100. The insoluble matter diffused through watvr carbonated and filtered 
showed 13° left rotation, or 01° for a volume of 100. M. llaumeiii nUi 
that inverted sugar burns much more readily than common sugar— a Isct of 
importance iu analysis when the quantdty of ash has to be ascertained. 

Spedra of Start. — It appears that the late Professor d* Arrest had god* 
eluded the observations on this point before his death. The concluaou la 
arrives at are : (I) that the third type of spectrum (channelled spscea) ii 
not exclusively confined to orange or red stars, and that several deep^ued 
orange atars give an ordinary spectrum. Perception of colour (eipaoiUj 
red) depends so much on the eye of the observer that Professor d'Anaal'l 
result must be taken rather as a caution against a hasty generalisatioD tbn 
as disproving any connexion between colour and the nature of the ipectma; 
('2) that the fourth typo of spectrum is much more closely coimected villi 
deep orange ot red stars, and that the bands in this spectrum maybe f- 
solved into a number of fine lines ; (3) that as a rule noch striking spwia 
accompany variabilii; in a star ; (4) that no general difference can be tnod 
between the spectra of stars in one part of the heavens and of thon la 
another, so that there is no truth in the assertion that the red and yellov 
are wanting in all the stars of Oiion. 

PropeUing Shipa by UtUiiing the Action of Wava. — A paper of gtett to", 
terest is that read before the British Association by Mr. Beuachamp Tomii 
who described a contrivance for obtaining motive power &oi 
A heavy weight, supported upon springs, vibrates in periods of the 
length as the wave-periods. By means of gearing the motive power ol 
from the rising and falling of the weight is made to propel the veMeL- 

yew Property of Almnmum. — M. E. Dueretet observes ["Joum. ■ 
Phys." iv, 84] that on inserting in a galvanic drcuit a voltameter with t' 
electrodes, one of aluminum, the other of platinura, different effects are o 
tained according to the direction of the current. When the nluminnm i 
oeives the negative electricity the water ia decomposed and the cum 
traverses the circuit freely. But on reversing the current the decompoaitia 
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ceaaea and scaredy any electricity is tnuaDjitted. An electric bell inserted 
•O the circuit in the first caae rang violently, and in the Bocond case did not 
■Uore. Replacing the bell by nn iron wire, in the first cime it was melted, 
ftfld not even heated in the Bei'ond. A galvunnmeter gave in one cnse a de< 
flcedan of 22° and in the other of only 2". The effect ia produced instantly ; 
it ia conetant and durable whatever tlie number of inversions of the current. 
If other metals are used instend of pintinum, they are deposited on the 
Aluminum and interfere with the experiment. This atoppage of the current 
im not produced by a plate ofgold, silver, platinum, copper, zinc, magnesium, 
tia, lead, &c., replacing the aluminum. A partial effect ia produced with 
iron, but the surface is soon altered, with the disengagement of a bad odour. 
Aa to the aluminum, its surface appears to be preserved by a slight layer of 
alumina, which is formed tmmadiatcly, and remains, in spite of the inver- 
sion of tbe current. Many practical applicatioos of tliis property suggest 
Ihemselvcs. Two niessages may be sent over a telegraph line at the same 
time in opposite directions by using two voltameters with the aluminum on 
oppodte udes. All trouble from variable resistance is thus avoided. 

Sfftfil of Heat on the Structure of Stael Modt and Wire».~X paper was 
read before the British Association by Professor W. F, Barrett, in which he 
Bald be found that if steel of any thicknesa ho heated by any means, at a 
certain temperature the wire ceases to expand, although the heat be con - 
tinnoualy poured in. During this period also the wire does not increase in 
t«mperature. The length of time during winch this abnormnl condition 
lAsts varies with the thickness of the wire and the rapidity with which it 
CAD be heated throug'h. It ceosca to expand, and no further change takes 
|i1ace till the beat is cut off. When this is done tbe wire begins to cool 
down reguloriy till it haa reached the critical point at which the chonge 
took place on heating. Hare a second nnd reverse change occurs. At the 
tnoment that the expansion occurs, an actual iucreBse in temperature takes 
place sulliciently large to cause the wire to glow again with a red-hot heat. 
It is curious that this after-glow had not been nodced long ago, for it is K 
very conspicuous object in steel wires that have been raised to a while beat 
and allowed to cool. 

Stgiporting Cruciblet in Ga» ^'HincM.—Tliis important subject was lately 
lirougbt before the Chemical Society by Mr. C. Griffin. In the author's 
gas-fomace, a description of which was communicated to the Society in 
1870, the perforated plumbago cylinder, and the trivet^grate on which the 
crucible is supported, are liable to break when white-hot, occasionally giving 
much trouble ; moreover, the latter has the disadvantage of interfering vrith 
the direct notion of the flame on the crucible. This, however, is entirely 
obviated by the now burner, in which a space ia left round tlie central jet 
^liich has fitted over it an atmopyre similar to those used in Ilofmanc's coni- 
fcuation-fumace. The bottom of thecrucihle rests on this, and the plumbago 
cylinder is thus relieved of all pressure. These new burners are very econo- 
mical and of great power, a small one, burning 20 feet of gss per hour, being 
capable of melting half-a-pound of cast'iron in thirty-five minutes; or of 
heating a mufile, fi inches long and 3 wide, to a temperature sitfGdently 
high for assaying. Several varieties of the furnace were eihibited, one rf 
which was in action. 
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ZOOLOGY AND COMPARATIVE ANATOSn'. 

Hale of Groivth in Coralt. — An interesting acconot of the'rate of gmtii 
of coreb ia given in a letter addressed to Professor Dann bj Fmfeanr 
La Oonte, and published in " SillimRn's American Journal" [Jalj I^ul 
The following' portion is of importance : — "Professor Agossii and ioi pn; 
were Bt Fort Jeffereon, Tortugns. Dr. 'WiUiiim L. Jones and mjself hid 
gone to examine a little island about eig bt or ten miles to the noTtb-raL 
On returning to Fort Jefferson in a small bont, when about half wij betna 
tbe two islanda, and in the still shoal water on the inside of tiie liutof 
reefs, to our great surprise the boat suddenly grounded on the dcuMit 
prongs of an extenave grove of madrepores (Madrtpora eervicomut). Oti 
examining closely tbe trees of this giore, we found: L That tkeiatii|i 
were far more thickly set than is usurI in this Bpedes; S, that all the pnng) 
not only of the same tree, but of nil the trees of the whole grove, grow up In 
nearly the same level, which at tbe time examined was very near the t» 
face ; 3, that all the pronga at that level were dead for a distance of om W 
three inches from the pomt. The lower limit of death seemed to be a f** 
fectli/ horizontal plane. The dead points rose above it to varinui ditttuiM 
not exceeding three inches. We rowed around the margin of thisgrov«lw 
A considerable distance, and found everywhere the same pbenomeiiL 1 
satisiied myself that tbe whole grove, for hundreds of acres in extent, hiJ 
been clipped in a similar manner, On subsequent inquiry at E#y WmI, 1 
learned that the mean level of the ocean, owing probably to the prevalsiw 
of certain winds, was higher during one portion of the year than durioRllio 
other. It became evident, therefore, that during tbe high water the Uvini! 
points of the madrepores grow upward until the descending water IbieI 
exposes and kills tbeni down to a certain level. With the rise of the msu 
level agfun new points start upwani, to be again clipped at tbe ss 
by the descending water. The levelneas, the thick aetting, and the 
of the points are all thus completely accounted for. It b precisely Ihs ph^ 
nomena of a clipped hedge." 

American Znologij.—Vio hum from the "Academy " (July 24) that Da 
Coues and Gill are preparing a volume on the " Mammals 
America,'' uniform with Dr. Baird's work on the " Birds." Mr. D. d 
Elliott has returned to Europe with the intention of completing liis 
planned "Monograph of the Felidte," and we are glad to learn that he con- 
templates are-issue in quarto form of his splendid but somewhat ii 
"Monograph of the Phasianidie." 

The Bate of the Dodo and Solitaire, i^i^.— M. A. Milne-Edwards hu 
written a short paper on this subject in a recent number of the '' Comptet 
ItenduB." He says that a "manuscript entitled 'Relation de I'ila Bod< 
rigue,' found in the Miniature de la Marine, along with evidence tliftt it wu 
published anterior to 1730 and probably not earlier than 1729, describe* tlia 
species of the island existing at tha time it was written, and among them tit 
the species now known to be extinct, including the Solitaira and the 
Bpecies named by A. Milne-Edwards, Erytkromaehun Leguati, Ardta 
cephaia, Athene tmaivora, and Necnpaitlaau Saderieanua. In 1701, when llu 
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II Pingrd WM living there, the aolitnires lind become so laro that 
V of them only from report — none having been seen by him. The 
iootion of the birds probably went on rnpidly between 1730 nad 1700, m 
uy be inferred from the documents Rt the MinistSre de la Marine. The 
ud-tortoisea became extinct soniewbnt later. These tortoises were part of 
regular provisions of the shipping of the Compagnie des Indes. M. 
uIorge-Boucber, in his reports to the company in 1750 and 1760, enume- 
M the Teasels sent for the limd- tortoises, and ahowa that they took away 
K leas than eighteen months over 30,000. It is not surprising," the author 
"that these anioials, on ao small nn island, notwithstanding their 
keundity, could not withstand such means of destruction. Hungry tniin 
i» the agent of extermination both for t^o tortoises and the birds." These 
utic land-tortoises, while extinct on the islands of Mauritius, Rodri- 
E, and Reunion, are living on that of Aldnhra, another of the Mascarenn 
But there is danger of its eitioction there. To prevent this, if 
liible, a memorial has been addressed to the Governor und Commander- 
!f of Mauritius and its dependencies, signed by the presidents of the 
I and Iloyal Geograpiiioal Societies of London nod other men of 
), calling the attention of the Colonial Oovemmf^nt to the subject, and 
ing that some means may be devised for "saving the last examples of a 
wtemporary of the dodo and solitaire." 

An Improved Mode of Preterving tlie Bodiet of AnimaU has been devised 

' Professor A. E. Verrill, and is described by him in " Silliman'a 

n Journal " (Sept. 187S). He says : — " During the summer nume- 

I experiments were made by Professor W, N, Eice nnd the writer, to 

certain the effects of various chemical preparations upon marine invert^' 

^ The special objects were : First, to improve the methods of pre- 

gspecimensformuseumpurposes, or to devise new methods; second, to 

Dertain the best means of killiog loan expanded state species that ordinarily 

Sottact badly when put directly into alcohol. Besides numcroua negative 

Multa, several of value were obtained. Numerous very perfect and beautiful 

sparatjoas of Aelinia {chiefly Melridium marginatum), in a state of nearly 

inplet« expansion, were mode by slowly adding a anturated solution of 

iric acid to a small quantity of sea water, in which they had been allowed 

a expand. When fairly dead they were transferred to a pure saturated 

lOlution of the acid, and allowed to remain from one to three hours, accord- 

), &c. They were then placed in alcohol of about 60 to 70 per 

■nt. for permanent preservation. The alcohol should be renewed aft«r « 

J, and this ahould he repeated until the water is all absorbed from 

A spewnen. Hydroids ( Tiibulan'a thus preserved are especially beautiful) 

d most lands of jelly-fishes cnn be easily nnd beautifully preserved in the 

ne way, but with these the specimena may usually be placed alive 

directly into the acid, of full strength. Even delicate cteoophorio (jVnemi- 

opiu, Idyia, &c.) can be thus preserved eo aa to make fair specimoos. With 

osmic acid we did not sncceed so well, for the specimens contracted mote, 

nnd finally became ao darkly stained us to render them uselesf. Hydro- 

ebloral was also experimented with. It proved to be useless as a permanent 

preservBtive of marine invertebrates, aa it apparently had a caustic or solvent 
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•ction, and all the soTt patta grKdoall/ ilinolvad, bnt without 

Karih Aa>erican Oni»Ma.—ii. A. Stuxberg haa a paper on the So- 
AaiericBii oniscida in the '' Ofreraigt K. V. Alt. Fiirhandlingaj'," 1875, C 
•J, Slockholm, KTievriiig the described spocie^, luid adding dewriptioDn 
serenJ new species. 

AaoUitr iflgantic Cattl»-jUh has been doBcribed in " SiUimaa'a Anieiitti 
Journal " (S«pL) by Profeesot A. E. Verrill. He sUtes that tha R«r. X. 
Jlarrey had been infarmed by Sir. O. Simrn* thai ho (Mr. S.) " eiuniniJ 
the creature a few houra after it went aaboTe, but not before it \aA ben 
mutilated b; the removal of the tail by the Qsbemien, who finally mil ii op 
u food for their Dnmerotu dog^: (uid thtit the long tentacular umiTeniC 
feet long and 16 iocbec in circumference (probably meaning at tbeir bnml 
tetmhud portion) ; the short anna were ' one-third as long as the l«ig ode*. 
and about the same in drcu inference ; the back of the head or aeck ni W 
iocbea in drcumforence ' (eTidently meaning the bead, behind the teuuf 
the arma); the length of the body 'from the junction to the tail' "W III 
feet ( apparently meaning from the anterior edge of the mantle to tli« ari^ 
of the caudal fins). lie thinks the tall, which had been removed. •■> 
about one-third as long aa the body, but this is probably uveMetin*!')^ 
judging from the Logie Bay specimen (No. 5 of Profesair Vemir*bin<>t 
papers), in which it was about one-fi^h, but it may hare Iweo cdl off 
■bOTS its proper base. Allowing on^fifih alao for the length of ttis hstd. 
the total length would be abont 40 feet, the head and body togethailKpf 
about 14. The large sucker, in my possession, is 1 inch in dionutei xn* 
the denticulated rim, and in form and structure agrees clwely with Aw 
previously described nnd figured by me from the tentaculni arms of Nm 4 
and 6. The jaws are still attached together in I heir natural postien by iht 
caitalages. They agree very closely in form with iho largu jaws of .irafc* 
tatthit pnncep$, hut they are nbout one-tenth Bnwllor. The upper j»« 
ineasurealll™ b height (front to back); 88"" from tip of beakwftW 
edge of palatine lamincc ; SO"" from lip of beak to the base of the nol^ 
The lower jaw meaflucea SO-" in total length ; 80" &oai tip of beak *" 
front edge of laminie ; 10"'"' from tip to base of notch. ■ From the ck"* 
agreement of these jaws with those of A. princepi. there cnn be wry htiU 
doubt that they belong to that species ; and if so the meaaurenients p^a 
will be of great importance as affording addidonal knowledge of tbo >[fna> 
mate form and propordons of thia the largett known spedeai" 
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